ERRATA. 

' Phil. Trans./ 1890, A. 

Bakerian Lecture. 

Page 260, for N = H^ cos S c — H cos S read N = H cos S — - H c cos $ e . 

A similar correction should be made in the two following equations. 

Page 290, in fig. 21 the direction of the horizontal disturbing force at St. Leonards 
should be as in Plate 13. 

Plate 13. The angle made by the horizontal disturbing force at Campbelton with 
the geographical meridian is + 136° not — 136°. 



JT JtxXJ-<» JL JtixxIN k!>. j 100(/< JOL* 

G. H. Bryan on a Rotating Liquid Spheroid, 
Pages 214, 216, equations (96), (103), 

for l^m-JktfL read ^m + *a«L 

vv n(n + 1) Mb/ r 4+ 1) 

and in equation (97) remove the sign — on the right hand* 
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III. The Bakerian Lecture. — A Magnetic Survey of the British Isles for the Epoch 

January 1, 1886. 

By A. W. Rucker, M.A. 9 F.B.S., and T. E. Thorpe, B.Sc, Ph.D., F.R.S. 



Lecture delivered April 11, — MS. received June 0, 1889. 
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Two Magnetic Surveys of the British Isles have been made previous to that of which 
an account is given in this paper. The observations necessary for these were taken 
between the years 1834-38 and 1857-62, and the results were reduced to the epoch 
1842-5 by Sir E. Sabine, in a paper published in the c Philosophical Transactions ' for 
1870 ('Phil. Trans./ vol. 160, 1870, p. 265). As a full account of both surveys is given 
in that paper, it is unnecessary to describe them in detail here. The first was made by 
five observers, viz., Sir E. Sabine, Captain J. C. Ross, Mr. R. W. Fox, and Professors 
Lloyd and John Phillips. In the second survey (1857-58), Mr. Welsh, Superin- 
tendent of the Kew Observatory, made an admirable series of observations in Scotland, 
though, unfortunately, the exposure to which he was subjected brought on an illness 
which terminated in his death. Sir Edward Sabine made observations on the Force 
and Dip at 24 stations in England, and some declinations determined by several naval 
officers between the years 1855 and 1861, were utilized. Altogether observations were 
made at 243 stations. ('Phil. Trans,/ vol. 162, 1872, p. 319.) 

It has, we believe, for some time been thought by those interested in terrestrial 
magnetism, that another survey of the United Kingdom should be undertaken, and 
we ourselves drew attention to the matter in a paper " On the Irregularities in 
Magnetic Inclination on the West Coast of Scotland " ('Roy. Soc. Proc./ vol. 36, 1884, 
p. 10). Not only was this desirable in order that the secular changes in the direction 
of the lines of equal Inclination, Force, and Declination might be re-determined, 
but also because the earlier surveys left much to be desired with regard to the 
distribution of the stations and the number of the Declination observations. Thus 
the Declination was determined about the epochs 1836 and 1857 at 84 stations only, 
of which 11 were common to the two surveys. The maps given by Sir E. Sabine 
in the paper already referred to show that different districts have received very 
different degrees of attention. Stations where the Dip has been determined cluster 
thickly about the coast of Scotland to the south of Oban, about the English lakes, 
and the south coast of England, and are thinly distributed in the North of Scotland, 
in the eastern counties of England, and in the centre of Ireland. In like manner, 
while (owing chiefly to the labours of Mr. Welsh) the Declination had been 
measured at 40 places in Scotland, it had been observed with adequate instruments at 
only 28 stations in England, and 16 in Ireland. We have therefore undertaken, and, 
in the course of the five yeaxs 1884-88, both inclusive, have completed a new 
magnetic survey of the British Isles. 
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In our opinion, it would probably have been better if a larger number of observers 
had been engaged in the task, so that it could have been finished in a shorter time. In 
fact, we originally made a proposal in this sense which was, we believe, brought before 
the Kew Committee of the Royal Society. It was considered that the objections to 
the employment of many instruments and observers were sufficient to prevent the 
acceptance of such a scheme. With proper organisation, we believe that the errors thus 
introduced would have been much less serious than those due to the uncertainty as to 
the true secular corrections at any particular station. As, however, it was more 
important that the survey should be made than that it should be made under the 
best possible conditions, we have in undertaking the task ourselves devoted most of 
our vacations and spare time to it, so that there should be as little delay as possible, 
and have collected all the facts which throw light on the value of the secular 
corrections. 

Although the re-determination of the lines of equal magnetic Declination, Force, and 
Dip has been the main object of our investigation, a number of other questions 
have naturally come under consideration. We have made some alterations in the Kew 
magnetometer which have been described to the Physical Society ('Phil. Mag./ 
August, 1888, p. 122) ; the method of presenting the results of the experiments has 
been modified so as to afford a greater test of their accuracy ; the validity of the 
method of correcting for diurnal variation and disturbance, especially at places far 
distant from the base station, has been reconsidered, and finally, and perhaps chiefly, 
we have given more attention than our predecessors have done to the distribution and 
causes of " local magnetic attraction." In view of the difficulties caused by such 
disturbances, we have taken special pains to indicate the position of our stations as 
accurately as possible. This has been done, not merely by verbal description, but by 
taking out the latitudes and longitudes from the inch Ordnauce maps or the Admiralty 
charts, with far greater accuracy than is necessary for the calculations in which these 
quantities are afterwards employed. For similar reasons we have selected, when 
possible, public parks, open commons, or other situations which are likely to be still 
available when the survey is repeated. It must, however, be remarked that, at some 
places which were not included in our original programme, observations have been 
made mainly because a favourable opportunity presented itself, and that, in such cases, 
it was not always possible to exercise the same care in the selection of a site. 

Epoch 

The epoch of the survey is January 1, 1886, to which date all the observations 
have been reduced. 

Instruments, 

The survey of Scotland was mainly made wfth a set of instruments which belong to 
Professor Euckek. They are a Kew Magnetometer by Elliott Bros., No. 60, and a 
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Dip Circle by Dover, No. 74. These instruments were also used by Professor Ruckek, 
in his portion of the surveys of England, Wales, and Ireland. The instruments 
employed by Dr. Thorpe in these countries are the property of the Science and Art 
Department. They are of the same patterns and by the same makers ; the Magneto- 
meter and Dip Circle are numbered 61 and 83 respectively. 

Arrangements have been made for placing this latter set of instruments in the 
Collection of Scientific Apparatus at South Kensington. They will be kept for 
surveying only, and will be available for comparison with instruments which may be 
used by future observers. 

Base Station. 

Our base station is the Kew Observatory. Both sets of instruments were tested 
there before they came into our possession, and we have also made numerous com- 
parisons with the Kew r instruments during the progress of the survey. We take this 
opportunity of expressing the great obligation we are under to Mr. G. M. Whipple, 
the Superintendent, and to Mr. T. Bakeb, the First Assistant in the Observatory, 
who, with the approval of the Kew Committee, rendered us every assistance in their 
pow r er. Our frequent visits and requests for information as to diurnal variation and 
disturbance have imposed much additional labour on these gentlemen. The help we 
required has, however, invariably been given with a readiness and heartiness which 
merit our grateful acknowledgments. 

We tested our instruments at Kew in 1884, 1886, and 18*87. 

A very large magnetic disturbance set in on March 30, 1886, the 31st was also 
much disturbed and the effects were still to be distinguished on April 1. We have, 
therefore, neglected the observations made on that day, but, wdth this exception, the 
following tables contain all the determinations made by us in the Magnetic House. 

The first three columns give the date, instrument, and observer, and that headed S 
the value of the element obtained. 

The numbers given are not corrected either for diurnal variation or disturbance. 

In the column headed K is the corresponding value read off from the curves of the 
continuously recording instruments at Kew, standardised by means of the monthly 
observations which are taken there. 

The differences are given in the next column. They are very nearly constant, but 
are rather larger than we should a priori have expected. Our own instruments are 
evidently in accord. 

Subtracting the mean difference from the Kew values, we should, if both sets of 
observations were perfect, reproduce our own numbers, so that a comparison between 
columns S and K — ft gives the error of experiment and comparison which is tabulated 
in the last column. 
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Observations in the Kew Magnetic House. 

Declination. 



Date. 


Instru- 
ment. 


Observer. 


S 
(Survey 


K 

( Kew 


K-S = /3. 


K-/3=K\ 


S-K'. 






Instrument.) 


Instrument.) 






i 


1884. 






o / 


o ' 


/ 


o / 


/ 


July 17 . . 


60 


T 


18 26-3 


18 28-6 


23 


18 261 


+ 2 


,, lb . 


60 


R 


18 27-4 


18 29-9 


2-5 


18 27-4 


o-o 


1886. 
















April 2 . 


61 


T 


18 12-1 


18 14-4 


2-3 


18 11-9 


4- 0-2 


1887. 














i 


Sept. 30 . 


60 


R 


18 8-8 


18 13-1 


4-3 


18 10-6 


— 1'8 








18 5-5 


18 9-4 


3-9 


18 6-9 


- 1-4 


Oct. 11 . . 


61 


T 


18 6-0 


18 8'7 


2-7 


18 6-2 


- 0-2 








18 6-9 


18 10'4 


3-5 


18 7-9 


- 1-0 


„ 12. . 


60 


R 


18 9-5 


18 11-9 


2-4 


18 1-4 


+ o-i 








18 111 


18 13-4 


2'3 


18 10 9 


4- 0-2 


1 °* 


61 


T 


18 5-8 


18 67 


0-9 


18 4-i> 


4-1-6 ; 








18 8-6 


18 8*8 


0-2 


18 6-3 


4- 2-3 


,, 18 . . 


61 


T 


18 6-3 


18 8-4 


2'1 


18 5*9 


4- 0-4 








18 6-0 


18 10-4 


4-4 


18 7-9 


- 1-9 


i n 19 . . 


60 


R 


18 8-1 


18 10-3 


2-2 


18 7-8 


4- 0-3 


i 

i 

i 
I 






18 6-9 


18 8-7 


1-8 


18 6-2 


4-0-7 


! 


/* = 2-5 


Mean . 


= ± 0-82 



Horizontal Force. 



Date. 


Instru- 
ment. 


Observer. 


! 

s 

(Survey 


K 

(Kew 


K->S- = 0. 


K-£=K'. 


S-K' 

— o-ooo 






Instrument.) 


Instrument.) 


_ — _ . — 






1884. 














July 17 . 


60 


T 


1-8080 


1-8055 


- 0-0025 


1-8084 


- 4 


1886. 






^ 










April 2 . 


61 


T 


1-8091 


1-8070 


- 0-0021 


1-8099 


- 8 




60 


R 


1-8107 


1-8072 


- 0-0035 


1-8101 


4- 6 


„ 22. . 


60 


R 


1-8110 


1-8082 


- 0-0028 


1-8111 


- 1 


1887. 
















Sept. 30 . 


60 


R 


1-8117 


1-8087 


- 0-0030 


1-8116 


4- 1 


Oct. 11 . . 


61 


T 


1-8114 


1-8084 


- 0-0030 


1-8113 


4- 1 1 


1 „ 12 . . 


60 


R 


1-8096 


1-8070 


- 0-0026 


1-8099 


- 3 1 


! „ 13 . . 


61 


T 


1-8092 


1-8062 


- 0-0030 


1-8091 


+ 1 


1 7 7 

1 ,1 18 . 


61 


T 


1-8114 


1-8088 


- 0-0026 


1-8117 


- 3 


i 






1-8117 


1-8088 


- 0-0029 


1-8117 





j. -L i7 • . 


60 

1 


R 


1-8113 

i 


1-8074 


- 0-0039 


1-8103 


4- 10 


p = - 0-0029 


Mean . 


± 3-5 
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To obviate, as far as possible, the use of decimals, the Forces are throughout this 
paper expressed in terms of metric units (metre, gram, second), and all numerical 
values of Forces can be reduced to C.G.S. units by dividing by 10. 

In the case of the Dips, of which no continuous record is kept, the following plan 
was adopted. We give, under the column S, our results corrected for diurnal variation 
and disturbance as hereafter described, each being the mean of the two needles. In 
column K are the values obtained at Kew at the nearest date to the time of our 
observations taken from the published record. The dates in question are July 28 and 
31, 1884, Sept. 22, 24, and October 25, 26, 1887. The mean of the last two is taken 
as applying to the whole period of the 1887 observations. 

Inclination. 



Date. 



5> 






July 17, 1884 

19, 

Sept. 30, 1887 
Oct. 11, 

13, 

18, 

19, 









Instrument. 


Observer. 


74 


R 


)> 


T 


» 


R 


5? 


?> 


83 


T 


5> 


?> 


J? 


?» 


74 


R 





S 


.(Survey 


Instrument). 


o 

67 


36-0 


67 


35-8 


67 


36-4 


67 


34-9 


67 


34'8 


67 


35-0 


67 


34-2 


67 


34-9 



K 

(Kew 
Instrument) 



67 38'8 



67 37-5 



K-S = /3. 



2-8 
3-0 
2-4 
2-6 
2-7 
25 
33 
26 



= 27 



K-/3 = K'. 



67 36-1 



67 34-8 



Mean . 



S — K7. 


-o'i 

-0-3 
-f 0*3 
-f 01 

o-o 

T* O'ci 

-06 
+ 0*1 


4- # 2 



The mirrors used to form an image of the Sun which can be viewed through the 
telescope were tested independently. We were, however, unfortunate in that on 
most of the days when we observed at Kew the Sun was invisible. The meridian 
mark also, which is used in the Kew measurements, cannot be seen from the lawn 
immediately in front of the Magnetic House, and we were, therefore, obliged to use a 
rod which was fixed at some distance, as nearly as might be in the meridian line in 
which the instrument was also placed. On one occasion (October 11, 1887) the latter 
adjustment was inaccurate, and a correction was applied deduced from the angle 
subtended at the pillar in the magnetic house by the centre of the tripod and the rod, 
and from the distances of the tripod and pillar from the rod. At Parsonstown the 
instrument was placed in the meridian line used for the Observatory of the Earl of 
Rosse, and a check on the declinometer was thus obtained. From what has been said 
it will have been seen that the determinations of the geographical meridian at Kew 
were ^ not made under the most favourable conditions, but the following Table is 
sufficient to show that no important error attached to the indications of the 
instruments. 

I 2 
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Azimuth of Kew Meridian Mark from Sun Observations. 



Date. 


Instrument. 


Observer. 


Azimuth. 


April 22, 1886 .... 
Oct. 11, 1887 .... 
12 

1 9 
,, j.£/, ,, .... 

19 

Mean ...... 

Value employed at Kew 


60 
61 

60 

?? 

95 


R 

m 

55 
5? 


2 48-4 
2 49-9 
2 48*0 
2 50-1 

2 48-2 


* * 


• • 


2 48-9 
2 48-7 

l 



At Parsonstown the difference between the reading for the fixed mark and the 
meridian, as calculated from a sun observation, was l' # l. 

We also thought that it would be desirable to compare the instruments under the 
normal conditions of use in the field. We therefore made three sets of observations 
at Ard Point, Stornoway ; at Bunnahabhain, in the Sound of Islay ; and at Stranraer. 
At the first station the results of the individual experiments made with each instru- 
ment were in good accord, but, as the declinations differed from each other by an 
amount very much greater than any possible error of experiment, viz., 18', it was 
obvious that the station was affected by local magnetism. At Bunnahabhain we took 
the precaution to exchange positions ; these observations were made on a patch of 
limestone, and were in agreement. At Stranraer the sky became overcast, and it was 
impossible to move the instruments after the first determination of the geographical 
meridian. The results show that the station was a good one, and we therefore give 
here the declinations obtained at Bunnahabhain and Stranraer. As we shall have to 
refer to them again, we reproduce only the data which bear upon the point under 
discussion. At Bunnahabhain the thread of instrument 61 was broken, and had to 
be replaced in the field, which accounts for the fact that the first observation made 
with it is not in very good accord with the others. The Greenwich mean time is 
reckoned throughout from midnight. 

Bunnahabhain. — Aug. 25, 1888. 



a. m. t. 


Station. 


Instrument. 


Observer. 


Declination. 


h. m. 








o / 


10 55 


1 


61 


T. 


22 44-0 


11 36 


2 


55 


,, 


22 46"0 


10 29 


2 


60 


JL V • 


22 46-0 


12 25 


1 


55 


55 


22 47-3 


14 30 


1 


55 


55 


22 47-9 


15 9 


1 


55 


55 


22 47-3 
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Stranraer. — Aug. 28, 1888. 



V-4 • Jl*JL « J- « 


Station. 


Instrument. 


Observer. 


Declination. 


h. m. 
11 35 
10 54 
13 6 


1 

2 
2 


61 

60 


T. 
R. 


21 137 
21 12-5 
21 13-0 



During the survey we employed various chronometers, some of which were hired 
from Messrs. Dent, and others were lent to us by the late Professor Balfour 
Stewart, F.R.S., and by Captain Wharton, E.N., F.RS., Chief Hydrographer to 
the Admiralty, to whom our thanks are due. 

We enjoyed an important advantage over our predecessors in that we were able to 
determine the rates of our chronometers frequently by comparison with Greenwich, 
by means of the 10 a.m. and 1 p.m.. telegraphic signals, of which the former is sent to 
all post-offices in the kingdom. We have to thank Mr. Preece, F.B.S., Chief Elec- 
trician to the General Post-office, and Mr. J. C. Lamb, the Head of the Telegraph 
Department, for their kindness in giving or obtaining for us permission to receive 
the signals. Many of the local post-office officials not only afforded us every facility 
for correcting our chronometers in accordance with their instructions, but gave us 
additional help in the selection of suitable stations. When possiBle, we received the 
signal every day, and rarely omitted more than two consecutive days. At places 
where the signal had undergone one or more re-transmissions, an error on this account 
was inevitable. By the kindness of the Earl of Kosse, we were able to determine its 
magnitude on the occasion of our visit to Parsonstown. The time signal was observed 
both by Professor Sucker and Herr Boddekker, the Superintendent of Lord Kosse's 
Observatory, who agreed exactly as to the apparent error of the chronometer. The 
value thus obtained differed by 4 sec. from that given by the observatory clock, the 
error of which was known from star observations. We are inclined to think that this 
amount was rarely exceeded, or the rates would have varied more widely than was 
actually the case. No special precautions against error had been taken at Parsons- 
town, whereas in many districts we had, when practicable, made arrangements at the 
central office that particular care should be taken on those mornings when we 
informed the authorities that we intended to receive the signal. We have on several 
occasions received at the same post-office signals sent by two different routes, 
involving re-transmission, and have never detected any appreciable difference. 

When visiting outlying stations at sea we kept one chronometer on board in a fixed 
position. This served as the standard. Another instrument, which was frequently 
compared with it, was used for making the comparisons with Greenwich and for the 
work of the actual observations. At these periods of our survey longer intervals 
necessarily elapsed between successive receptions of the time signal, during which we 
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depended on the standard. With the exception of two or three cases, which are 
referred to in the detailed account of the observations at the stations affected, we do 
not think that any error exceeding a minute of arc can have been introduced into the 
declinations from uncertainty as to the true time. 

Selection of Stations. 

In selecting stations we have aimed at uniformity of distribution over the whole 
area under investigation, and, subject to this condition, have chosen places at which 
observations have previously been made. We have also avoided situations where 
disturbance by so-called local attraction was known to be great, except in special 
cases to be discussed hereafter. On many tours we have carried geological maps 
which have aided us in choosing sites. 

In all we have made observations at 54 stations in Scotland, 102 in England, 
Wales,'* and the Channel Isles, and 44 in Ireland. At many of these places which 
are counted as a single station our instruments have been set up in different localities 
in order to study or eliminate the local effects of magnetic rocks. These sub-stations 
were in some instances only a few yards and in others several miles apart. The more 
important of them are indicated by letters in the lists given hereafter, and if these 
are added they bring the number of stations up to 213. In addition to these we 
observed on the island of Canna at 23 places. If we took minor changes of position 
into account this total would be considerably increased, and as we have been able to 
use the observations made at Greenwich and Stonyhurst, and the data for Cherbourg 
and Berck-sur-Mer, furnished by the survey of France, recently completed by 
M. Motjkeatjx (" Determination des Elements Magnetiques en France," par M. Th. 
Moueeatjx. Paris: Gauthteh-Villars, 1886), our conclusions are based upon 
observations made at about 250 different places. 

The average distance apart in normal districts is about 30 miles. At most of the 
principal stations we made two Dip observations, one with each needle, and a com- 
plete set of measurements for the determination of the Declination and Horizontal 
Force. At many places we determined the Declination twice, making two indepen- 
dent sets of observations on the Sun and the needle. In some cases only the 
geographical meridian or only the direction of the magnetic axis of the needle was 
re-determined. When time was short or the weather unfavourable the deflection 
experiment was omitted. The following Table shows the total number of observations 
made. By magnetic meridian we mean determination of the direction of the magnetic 
axis, which, when combined with the Sun observations or geographical meridian, gives 
the DecHnation. We do not include 23 Declinations taken on Canna by means of an 
azimuth compass and chart. 

* Exclusive of five supplementary stations along the valley of the Wye, at which Dip observations 
only were made in 1889 (vide p. 84). 
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1 

I 

Scotland .... 
England and Wales 
Ireland .... 

Total . 


Stations. 


Dips. 


Deflections. 


Vibrations. 


Geographical 
meridian. 


Magnetic 
meridian. 


54 

102 

44 


120 
213 

89 


57 
94 
35 


66 
135 

58 


89 
171 

84 


93 

185 
84 


200 


422 


186 


259 


344 


362 



Most of these observations were taken by one or other of us, We have, however, 
to thank Mr. A. P. Laurie, now Fellow of King's College, Cambridge, for observa- 
tions of Dip at 8 stations in Scotland. The stations on the West Coast of Scotland 
were, for the most part, visited in Dr. Thorpe's yacht " Coventina." During the 
first year (1884) we generally observed together. Afterwards, in order to save time, 
we travelled separately. 



Method of Taking the Observations. 

The conditions and time of the observations necessarily varied, but the greatest 
number were made as follows : — Shortly before 10 a.m. we visited the post-office to 
correct our chronometers by the time signal from Greenwich. We then drove to the 
station which had been selected the night before or earlier in the morning. The first 
observation taken was the solar azimuth, which was finished about an hour before 
noon. This was followed by the declination, vibration, and deflection in this order. 
The dip was then deter mined, and, if time and weather allowed, we often repeated 
the azimuth and declination. The Sun observations were hardly ever taken within 
an hour of noon. 

In a variable climate like that of the United Kingdom the weather often presents 
a serious difficulty. We carried with us a small tent, in which the dip and vibration 
observations could be made, and we were also provided with waterproof covers for the 
Magnetometer and Dip Circle. We were thus able to make the Dip observations, for 
example, during showers, while the Magnetometer, though outside the tent, was pro- 
tected by its covering. The case containing the dip needles was carried in a box 
filled with soda-lime to prevent the axles being injured by rust. 

During sunshine we shaded the deflecting magnet in the deflection experiment by a 
cardboard case, or by throwing a light piece of cloth over it. At 42 principal and 
subsidiary stations the force was determined by means of the vibration experiment 
only, the deflection being omitted and the moment of the magnet deduced from the 
values obtained at neighbouring stations. 

The only part of the observations which requires special comment is the use of the 
mirror employed in the sun observations. The adjustment can be effected by means 
of the reflected image of the cross wires in the telescope. We found, however, that 
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in practice in. the field this method is troublesome. It is difficult to see the image 
unless the mirror is very bright, and there is fairly strong sunshine. On days when 
the weather and sunshine are uncertain it is very annoying to have to spend time 
when the sun is visible in making preliminary adjustments. From and after our visit 
to Stornoway in 1884, i.e., after observations had been made at about a dozen stations, 
we adopted a different plan. The mirror was frequently adjusted either indoors in 
accordance with the directions of the Admiralty ' Manual/ or by means of some 
elevated object in the field. In the latter case the error of parallelism was first got 
rid of by observing the object when the observers back was turned towards it, and 
the mirror was nearly vertical, The mirorr was adjusted until the image appeared in 
the same position as before when it was reversed in its bearings. The object was then 
viewed by reflection when the instrument was turned through 180°, i.e., when the 
mirror was nearly horizontal and the axis of the mirror was made perpendicular to the 
axis of the telescope. By repeating these processes twice or thrice a perfect adjust- 
ment was obtained, and it was found that under ordinary circumstances the instrument 
could be carried about from place to place for some time without this adjustment being 
seriously affected. To make certain, however, that all was right, we always (when 
possible) took observations of the sun both in the "front" and "back" positions, i.e., 
with the mirror approximately horizontal and vertical and reversed the mirror in its 
bearings in both positions. By the latter precaution the error of parallelism (if any 
existed) was eliminated, and the observation thus afforded data for the calculation of 
the error of collimation, and for the corrections which in consequence of this error 
must be applied to the f ' front " observations. 

By this method the actual adjustment of the mirror could be made at any time or 
place. If the time at our disposal was short, or the weather uncertain, the instrument 
was regarded as ready for use as soon as it was set up in the field, and thus no time 
was lost, but the observations were so taken that any error of adjustment could be 
calculated and allowed for. Lastly the agreement of the measurements made in the 
front and back positions gives a valuable test both of the adjustments and observations. 

In the case of the observations made in 1888 with Magnetometer No. 60, the 
method of correcting the mirror by the image of the cross wires was again resorted to. 
Some modifications of the instrument which we have introduced (loc. cit.) now make 
this method practicable, and it was found to work well under the new conditions. 

' Diurnal Variation and Disturbance. 

In the survey of 1857 corrections for diurnal variation and disturbance were applied to 
the declination observations only. These two quantities are intimately connected. The 
total deflections of the continuously recording instruments at any instant are the sums 
of the normal diurnal variations and the disturbances. If the latter are assumed to 
occur simultaneously and in equal intensity over an area such as that of the United 
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Kingdom, and if the G.M.T. at which the observations were made is known they 
may be determined from the curves obtained at Kew. On the other hand the 
magnitude of the diurnal variation at a given instant depends on the local time, and 
in the case of stations so far apart as Kew and Valentia, the diurnal variation of the 
declination would, between 10 and 11 a.m. G.M.T., differ by several minutes of arc. 

We have therefore taken out from the Kew curves the deviations from the mean at 
the G.M.T. of our observations, and subtracting the corresponding value of the 
diurnal variations at Kew, have called these differences the temporary disturbances at 
the time of the observations. 

We have assumed further, that the Kew mean curves of diurnal variations may be 
taken as applying to the whole of the United Kingdom, but we have, in all cases, used 
the correction corresponding to the local time. Thus the total correction is the 
algebraic sum of the diurnal variation at the local time, and of the disturbance 
registered at Kew at the G.M.T. at which the observations were taken. 

As proof of the validity of this method, we have picked out all the stations 
in Ireland at which two or more observations were made at times when the diurnal 
variations differed by more than four minutes. 

As full particulars are given later on, it is only necessary here to tabulate the 
corrections for diurnal variation and disturbance in addition to the final results. 
It may, however, be remarked that in the majority of cases the determinations of the 
geographical, as well as of the magnetic meridian, are quite independent, and that at 
Athlone, Gort, and Westport, the results given were obtained on different days. The 
letters v and A are used throughout this memoir to indicate the departure from the 
mean value of the element at the time of experiment, due to diurnal variation and 
to temporary disturbance respectively. 



Station. 


v. 


A. 


Corrected 
Declination. 


Athlone 

Oavail ...... 

Charleville .... 

Grort . 

Lismore 

Westport 


4- 6-3 
-3-9 
-3-7 
+ 6*2 
4-3-5 
4-4-9 
4- 0-7 

o-o 

4- 5-8 
4- 3-9 
-4*2 
-1-0 
4- 6-4 
4- 0-7 
4- 1'8 
4- 6-3 


4- 1'5 

o-o 

4- 1*5 
-4-0 
-5-0 
4- 1-0 
4- 2-5 

o-o 

- 1-0 
-1-0 
4- 1-0 

o-o 

4 3-5 

o-o 

-0-5 
4- 2-0 


22 16-5 

22 16-8 
22 26-1 
22 26-7 
22 27-4 
22 19-4 
22 19-1 
22 3-8 
22 17 
22 38-2 

22 39-1 
21 541 
21 54-0 

23 5-5 
23 42 
23 5-4 
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The following are the best stations for the application of a -similar test to Scotland. 
The two sets of observations at Scarnish and Portree were taken on two different 
days. Those at Stornoway were on the same day, but at different stations. The observa- 
tions at Bunnahabhain and Stranraer, which have been already discussed, are here 
arranged in order of time without reference to the station or instrument : — 



Station. 


v. 


A. 


Corrected 
Declination. 


Scarmsn, 


+ 2-4 




24 49-8 




-3-6 


+ 3-0 


24 51-8 


Portree (2) .... 


+ 3-3 


+ 2-0 


22 21-6 




+ 3-7 


— 2-0 


22 227 


Stornoway, Ard Point 


+ 2-0 


-2-0 


23 507 


(1) 


+ 6-3 


-1*0 


23 48-4 




-f 4-4 


• • 


23 507 


Ard Point (2) . . . 


+ 2-4 


-3-0 


24 87 




+ 6-4 


-ro 


24 7-9 




+ 4*4 


» • 


24 8-3 


Bunnahabhain . 


-o-i 


• • 


22 46-0 




+ 17 


• • 


22 44-0 




+ 4-3 


-2'0 


22 46-0 




+ 6-3 


-ro- 


22 47-3 




+ 57 


• • 


22 47-9 




+ 4-6 


• * 


22 47-3 




+ 1-9 


- 2-0 


21 12-5 




+ 4-6 


-3*0 


21 137 




-f 6-4 


-1-0 


21 13-0 



In some cases where there is an appearance of a regular change, such as would be 
caused if the diurnal variation was not properly estimated, it can be otherwise 
accounted for. Thus the first four observations at Bunnahabhain were independent 
in every particular, but the last two depend upon the same Sun observation as the 
fourth. This probably accounts for the somewhat closer agreement in these cases. 
The magnitude of the errors which would be introduced if the disturbance corrections 
were omitted can be estimated by noting that at Cavan the first and last observations 
when uncorrected give 22° 27'"6 and 22° 22'*4, those at Portree 22° 23 / *6 and 22° 20'7, 
and those at Scarnish 24° 49'*8 and 24° 54'*8 respectively, instead of the much more 
accordant numbers entered in the Table. 

These results when corrected are quite as good as those we obtained when observing 
at Kew, and furnish a complete a posteriori justification of the method of correction. 

The values of the diurnal variation employed for the year 1884-5 were furnished 
to us by Mr. Whipple. For 1885-6 and 1886-7 we used the Tables given in the 
reports of the Kew Committee for those years ('Roy. Soc. Proc./ vol. 41, p. 415, and 
vol. 43, p. 226). 

These differed rather markedly as to the magnitude of the maximum variation from 
the curve employed for 1884-5, the difference amounting to about l /# 5. As the report 
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of the Kew Committee for 1887-8 was not published when the observations made in 
1888 were reduced, we used the same Table as for the 1887 observations. 

The question as to whether we should apply similar corrections to the other 
elements has been carefully considered, and we have on the whole decided to do so. 

Though we have worked up the observations on the Horizontal Force so that each 
experiment gives two nearly independent results, the times at which these have been 
taken are practically identical, and they do not serve as a test of the advantage of 
applying corrections. In 18 cases we have repeated either the deflection or- the 
vibration experiment (generally the latter) in the field on the same day. The 
differences between the results when uncorrected and corrected for diurnal variations 
and disturbance are as follows. They are expressed in terms of 0*0001 metric or 
0-00001 C.G.S. unit. 

Table I. 



Station. 


Uncorrected. 


Corrected. 


Loch Aylort 


- 5 





Ayr. .... 






- 4 


- 4 


Stornoway . . 






- 3 
4-3 


- 5 

+ 2 


Cambridge . . 






+ 1 


*T~ X 


Northampton 






+ lo 


- 7 


Stoke .... 






- 5 


- 6 


Swansea . . . 






"T" O 


- 1 


Taunton .... 






+ 1 7 


+ 16 


Thirsk .... 









+ 1 


Tunbridge Wells 






+ 17 


- 3 


Worthing , . , 






-j- 8 


- 2 


Bally will iam . . 









- 1 


Bangor . . . 






— L— A^ 


- 6 


Coleraine . . . 






- 7 


— 11 


Drogheda . . . 






+ 9 


+ 3 


Kildare . . . 






-10 


+ 


Londonderry 






+ 6 


+ 5 


Probable difference { Uncorrected . 

L Corrected . . 


. 5-9 

.. 4-0 



The values of H obtained by us at Kew in 1887 also afford a test of the method of 
correction. The diurnal variation and disturbance are expressed in the following 
Table in terms of 0*0001 metric unit :— 
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Deflection. 


Vibration. 


H. 


Date. 
























v v 


A,. 


Vq. 


A 3 . 


Observed. 


Corrected. 


September 30 ... 


+ 7 





-f* o 





1-8117 


1-8112 


October 11 


a 





— - 2 





1-8114 


1*8114 


• • JL mm • * # • • 


3 


-20 


- 1 


-20 


1-8096 


1-8115 


•>•> lo . . . . . 


-5 


-20 


-10 


-10 


1-8092 


1-8114 


fi J.O. . • • . 


-5 





- 13 





1-8114 


1-8123 


5 18 


-5 





-11 





1-8117 


1-8125 


, , Xv i . . . . 


A 


-10 


-10 





1-8113 


1-8125 



As then the diurnal variation between the hours at which our observations were 
generally taken amounts to 0*0025 metric unit, and as the probable difference 
between the corrected semi-independent results at the stations referred to in Table L, 
p. 67, is *0004 (the probable error being half that quantity), and as the probable error 
of the seven Kew observations is less than '0004, there seems no doubt that the 
correction ought to be applied. 

In the case of the Dip the diurnal range (which is more than 2') exceeds the error 
of experiment, but the application of a correction for disturbance is more difficult and 
uncertain. It has to be deduced from the Vertical and Horizontal Force magneto- 
grams and thus the chances of error are increased. The quantities to be dealt 
with are generally small, and the uncertainty of the readings taken from the curves 
unquestionably affects the results. We have not many data which furnish any a 
posteriori arguments of importance, as in most cases the times at which the two Dip 
observations were taken were separated by too short an interval for the diurnal 
variation to have altered much. The observations made at Kew in 1887 are, however, 
decidedly improved by correction. 



Date. 



September 30 . . 
October 11 . . . 



j> 



5? 



)5 



18 . 

JL *f * 



• a 



4 * 



Instru- 
ment. 


Needle. 


74 


1 


74 


2 


83 


1 


83 


2 


83 


1 


83 


u 


83 


1 


83 


2 


74 


1 


74 


2 



Dip 
observed. 



67 
67 
61 
67 
67 



35-4 
34*7 
33*8 
34-9 
36-0 
36-1 
34-2 
34-2 
35*0 
33*5 



v, 



0*7 
0-8 
0*4 
0'5 
0*4 
0-5 
0-3 
04 
0-3 
0-3 






+ 0-7 
+ 1*3 




+ 1'4 
+ 1*6 
+ 0-3 
+ 0-3 


-0-7 



Dip 
corrected. 



o 



67 
67 
67 
67 
67 



35-4 
34-2 
34-2 
35*4 
35-0 
35*0 
34*2 
34-3 
35-3 
34-5 



The greatest differences in the corrected and uncorrected results are l /- 2 and 2'*6 
respectively. 
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On the whole, then, we think the application of the correction for diurnal range is 
advantageous, but the correction for disturbance appears to be somewhat uncertain in 
its effect as applied to the field observations, and we have retained it chiefly for the 
sake of uniformity with our treatment of the other elements. 

The formulae used in the application of the corrections to the Horizontal Force and 
Dip were as follows : — 

If H', m' and H, m be the values of the Horizontal Force and the moment of the 
magnet deduced from the uncorrected and corrected observations respectively, and if 
(j> and \\s be the total increments of the Horizontal Force due to diurnal variation and 
disturbance at the times when the deflection and vibration experiments are made, 

H = H' - (c£ + t//)/2; 

m = m {1 + (<£-</')/2H / }. 

As the disturbances of the Dips have to be deduced from those of the Horizontal 
and Vertical Forces, the calculations involved are rather troublesome. 

If dd be the change, expressed in minutes of arc, produced by increments dV and 
<#H in the Vertical and Horizontal Forces respectively, 

d6 = adY — bdH, 

where a and b are quantities which depend on the Dip and Horizontal Force at the 
station. Tables were prepared in which the values of these were entered for each 
complete degree between 66° and 72°, and for each tenth of a unit of Horizontal 
Force between 1*4 and 1*8. As they vary slowly, the value corresponding to any 
given Dip or Force could be readily determined, and the value of d9 was thus 
deduced. 

Method of Tabulating the Observations. 

We have ventured to modify considerably the methods ordinarily adopted of pre- 
senting the results of a survey such as our own. It is often very difficult for any one 
who studies the records of magnetic observations to learn anything as to whether the 
instruments were in good or bad adjustment, or whether the actual observations were 
careful or careless. Sometimes superfluous data are given which supply no infor- 
mation on these points. Thus, the quantities log mX and log m/X, or mX and m/X, 
which are sometimes tabulated in records of Force observations, add but little to their 
value. In an observatory, indeed, they ought to be nearly constant from month to 
month ; but as, in both of them, the changes in the value of the moment of the 
magnet and those in the Force are mixed up with the error of experiment, it is not 
easy to draw any definite conclusion from them. To test the observations, we should 
compare quantities the difference between which ought theoretically to vanish. In 
the case of a survey, log ?nX and log m/X must vary largely from station to station, 
and they are, therefore, quite worthless as tests of the observations. 
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There are now five British magnetic observatories working with instruments of 
substantially the same patterns, and we think it would be very desirable if an agree- 
ment could be come to as to the form in which the results of the observations are 
published. In our own case we have been anxious to check the numbers given by 
experiment in every way, as it is only thus that we are able to determine what 
reliance may be placed on observations at stations where time or weather prevented 
the repetition of one or more of the measurements. 

The following is an example of the method of tabulation adopted in the case of the 
Declinations : — 

2 is the interval between the southing of the Sun and the mean of the times at 
which the "front" observations were made on the Sun's azimuth. It is taken as 
positive if the observations were made after noon. 

Alt. signifies the altitude of the Sun above the horizon at the same time. 

Ijl is the correction made by means of the " back" observations to the geographical 
meridian determined from the front observations alone. This quantity serves to 
indicate the order of the error that may have been introduced by the omission of the 
back readings on some occasions. 

G.M. is the reading on the horizontal circle which corresponds to the geographical 
meridian. In most cases two determinations of the geographical and magnetic 
meridians were made at an interval of some hours. In this time the tripod may 
have shifted slightly, owing to unequal sinking of the ground, warping of the legs, &c. 
Hence, if no fixed mark was read, each geographical meridian must be regarded as 
corresponding only to the magnetic meridian w T hich was observed nearly at the 
same time as itself. As it is often difficult to select a suitable fixed mark, we have, 
whether a fixed mark was observed or not, regarded each reading for the geographical 
meridian as corresponding to that for the magnetic meridian which was nearest to it 
in point of time. 

In the case of the magnetic meridian (the reading for which is indicated by M.M.) 
we tabulate the following data : 

(1) The G.M.T. at which the observation was made reckoned from midnight. 

(2) Half the difference between the readings when the magnet is erect and inverted 
is the angle between the magnetic and geometrical axes of the magnet. If then from 
this quantity (£) we subtract its mean value as determined from all the observations 
made in the same year (£ ), we obtain a measure of the error due to inaccuracy of 
reading or adjustment, and to imperfect compensation of the diurnal variation or of 
any disturbance which may have been occurring at the time. 

(3) o) is the error which would have been caused had the torsion of the thread not 
been allowed for. 

(4) v and A are the deviations of the element from its mean value due to diurnal 
variation and disturbance respectively. The first,- as has been already explained, is 
calculated for local time from the Kew curves of diurnal variation, the latter is the 
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disturbance registered by the Kew curves at the same G.M.T. as that at which the 
observations were taken. 

(5) S (obs.) is the value of the Declination obtained by subtracting the reading for 
the magnetic from that for the corresponding geographical meridian. 

(6) a- is the secular correction to Jan. 1, 1886, obtained as is hereafter explained. 

(7) S (red.) is the mean value of the Declination reduced to the epoch of the survey. 

As an example we take Athlone, where observations were made on two different days. 
On May 8, no back observations were taken, so that ju, could not be calculated. 

Declination. Athlone. Observer, T. E. T. Magnetometer 61. 

Geographical Meridian. 



Date, 1887. 


2'. 


Alt. 


JLl. 


G.M. 


May 8 
„ 9 


h. m. s. 
+ 1 40 59 
-3 43 58 


48 42 
33 51 


1 

• • 

-0-2 


338 38 1 
210 31*2 



Magnetic Meridian, 



Date. 


G.M.T. 


f-fo- 


to. 


V, 


A. 


M.M. 


May 8 
„ 9 


h. m. 

12 39 

9 9 


+ 0*2 
-0-4 


-0-1 

o-o 


+ 6-3 

-3-9 


+ 1*5 

o-o 


316 21-6 
188 14-4 



Declination, 



B (obs.). 


Mean. 


<T. 


a (red.). 


22 16-5 ' 
22 16-8" 


o / 

22 16-6 


+ 101 


o / 

22 267 



In the case of the Horizontal Force observations the deflections were always taken 
when the distances between the centres of the magnets were 0*3 and 0*4 metre. If 
then l x and l % are the common logarithms of the values of m/H obtained at the two 
distances, the factor P used in the corrections may be calculated by the formula 



P = 0-4737-(^i — ?») — 1-947 (? x — 

of which the second term is very small. (' Nature/ Aug. 13, 1887, p. 366 ; Sept, 29, 
p. 508 ; Dec. 8, p. 127 ; and Jan. 19, 1888, p. 272). 
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The following table gives the mean values of P obtained for each year during the 
survey. 





Magnetometer. 


60 


61 


1884 ...... 

1885 

1886 

1887 ...... 

1888 ...... 


0-000817 
0-000866 
0-000828 
0-000809 
0-000800 


• • 

0-000753 
0-000692 
0-000706 



The ordinary method of determining the Inclination with two needles gives two 
independent values, the agreement of which furnishes a test of the accuracy of the 
observations. It is, however, usual to give on]y one value of the Horizontal Force 
deduced from the means of the values of wi/H and mH calculated from the deflection 
and vibration experiments. The constancy or regular change of the value of m affords 
a means of determining whether the observations are sufficiently good, but it seems to 
us that nothing is for this purpose so satisfactory as the agreement or disagreement 
between two independent experiments. The results of the ordinary deflection and 
vibration observations can readily be presented in such a form as to satisfy this 
condition with only an insignificant addition to the labour of reduction. 

The vibration experiment furnishes twelve independent determinations of the time 
of 100 vibrations, six of which are taken when the scale of the vibrating magnet is 
apparently moving to the right, and six when it appears to be moving to the left. If 
we take the mean of the six observations furnished by the first and last three of each 
of these groups, we have two independent determinations of the vibration period, 
based in each case on six observations, of which three were taken when the movement 
appeared to be to the right, and three when it appeared to the left. 

If we agree always to combine the first and second of these groups with the values 
of m/H obtained when the distance between the magnets is 0*3 and 0*4 metre 
respectively, we obtain from each experiment two values of m and H. Except in so 
far as errors may arise in the determination of the temperature, or in the adjustment 
of the instrument (levelling, &c), these are absolutely independent, and thus furnish 
a satisfactory check on the accuracy of the observations. It would, however, be hardly 
worth while for the sake of this advantage to go through the labour of repeating the 
reduction of the vibrations. As the two vibration periods are very nearly the same, this 
is unnecessary. Let T be the time deduced from all the observations, and T ± dT the 
times given by the first and second groups of observations selected as above described. 
Then if D be the value of m/H given by the deflection experiment, 
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H 



= A / — - -^ D 



and in like manner 



clR 
H 



dm 



m 



dT 
T 



dX 
T* 



Thus, if we use the mean of the times for deducing two values of H and m from 
the two deflection experiments (as is done in the ordinary method of reduction) we 
may obtain the independent values of H and m by altering the means in the ratio of 
the independent to the mean times. 

Thus, at Horsham, the mean time of vibration was 4 s * 16 50, and using this the 
deflections at the two distances gave 

H= 1*8365 and 1*8366 
and 

m = 0*0091956 and 0*0091952 

respectively. 

The actual periods of vibration for 100 oscillations observed were — 



Appar< 
Moving to right. 


ently— 

Moving to left. 


m. s. 

6 5&6 
56-5 
56-5 


m. s. 

6 56*6 
56'6 
56%5 


56-5 
56-3 

56*4 


56*6 
56-4 
56-5 



Taking the means of the observations recorded above and below the line we get for 

the time of one oscillation 

4 S *1655 and 4 S *1645. 

These independent times differ from the mean by 0*012 and —0*012 per cent, 
respectively. 

Hence, altering the values of H and m in the same proportion, but in the opposite 
direction to that indicated by the signs of these quantities, we get 



H = 1*8363 



and 



1*8368. 



and 



mdcccxc. — A. 



m = 0*0091945 and 0-0091963. 
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These quantities are quite independent, except as regards the temperature correc- 
tions and instrumental adjustments, and their difference is a measure of the errors of 
observation, and imperfect compensation of the diurnal variation and disturbance, In 
tabulating the Force observations we give the G.M.T. at which the deflection and 
vibration observations were made, and the extreme temperatures during the progress 
of the experiments, the observed deflections and the independent times calculated as 
above described. 

The agreement of the times of vibration serves to test the vibration experiments. 
As a measure of the accuracy of the deflections we take the ratio of the two values of 
m/H calculated by combining the mean time of vibration with each of the two 
deflections. 

The logarithms of these two quantities occur in the calculations, and all that is 
necessary is to subtract them and look out the corresponding natural number. As 
this quantity is very nearly unity we multiply by 100 and give the fractional part 
only. The symbol e is thus the percentage difference between the results given by 
the two deflections when combined with the mean time of vibration. 

The following form, which is that which has been used, explains itself. 

The results of the deflections differed by 0*008 per cent., the times of vibration by 
S, 001. There was no disturbance, and the Horizontal Force, owing to diurnal variation, 
was 0*0007 and 0*0003 metric unit above the average, at the times which correspond 
to the middle of the deflection and vibration experiments respectively. 

The corrected values are obtained from the mean values by applying the corrections 
for diurnal variation and disturbance. 

Horizontal Force. Horsham. Observer, A. W. B. Magnetometer 60. 

Deflection. 



Date, 1888. 


G.M.T. 


t 


Observed deflection. 


6. 


v v 


A i- 


April 21 


XX • XXX 9 

1 A AAi 


11-8 
to 

10*7 


O 1 u 
ax Ox DO 

9 8 


+ 0-008 


+ 0-0007 






Vibration. 



Date. 


G.M.T. 


i. 


T. 


v z- 


A 3 . 


Aoril 21 

J. 


h. m. 
13 34 


16'5 
to 

17-4 


s. 
4-1655 

4-1645 


+ 0-0003 
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Values ofm. 



Observed. 


Mean. 


Corrected. 


0-0091945 
0-0091963 


0-0091954 


0-0091965 



Values ofH. 



Observed. 


Mean. 


Corrected. 


<T. 


Reduced. 


1-8363 
1-8368 


1-8365 


1-8360 


- 0-0051 


1-8309 



At places where the deflection experiment was not made, the moment of the magnet- 
was calculated from the other moments observed during the same tour. It was 
assumed that the strength of the magnet diminished regularly, and a linear expression 
was determined by equations of condition which gave the rate of decrease. A careful 
analysis of the Scotch observations, which were the first reduced, proved that this 
method was satisfactory. 

The greatest difference between observation and calculation occurred at Kirkwall, 
and amounted to 0*234 per cent. It is certain that in this case the difference is not 
due to errors of experiment, but to a real change in the moment, as the observations 
obtained at the next station (Lerwick) confirmed it. We are also able to assign a 
probable cause for the alteration, as the " Coventina " was caught in a " roost " off 
Stromness, and experienced rather rough treatment, during which the magnet may 
have been jarred. 

The mean difference (irrespective of sign) at all the stations was 0*057 per cent. ; 
and if we put aside about one-fifth of the whole number of stations at which, owing to 
bad meteorological or magnetic weather, or some similar cause, the conditions under 
which the observations were taken were not very favourable, the mean difference 
at the remainder was 0*028 per cent. 

It must, of course, be remembered that this quantity is not a measure of the error 
of experiment, but of the algebraical sum of that error, and of the deviation of the 
rate of decrease of the moment of the magnet from perfect uniformity. The conclusion 
we came to from the discussion of the Scotch observations was that if the observed 
moment differed from that calculated by the linear formula by 0*1 per cent., either a 
real change had taken place in the magnet or the observation had been affected by 
some disturbing cause, which it was in general easy to specify. In the later tours the 
moments of the magnets changed very slowly, and it was sufficient to take the mean 

L 2 
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of the moments obtained at one or two stations immediately preceding and following 
that at which the deflection experiment had been omitted. The total number of 
stations at which vibrations only were observed was 42. 

In the case of the Dip observations the correction for diurnal variation was deduced 
from the Kew curves for the diurnal variation of the Horizontal and Vertical Forces, 
which were supplied to us by Mr, Whipple. 

The disturbance corrections were calculated as previously described. 

The following form was used in working up the results :— 

Inclination. Bunnahabhain. Observers: Needle 1, A. W, K. ; 

Needle 2, T. E. T. Dip Circle, Dover, 83. 



Date 1888. 


Needle. 


\Jf* JLtJL • JL. t 


Observed. 


-v. 


- 


Corrected. 


xxllff. at) , , 


1 

2 


h. m, 
12 46 
14 38 


70 40-2 
70 39-4 


+ 01 • 
- 0-4 


-f 0-7 

* * 


70 39-4 
70 39-8 



Mean. 


a. 


Reduced. 


70 39-6 


+ 3*4 


70 43-0 



All the observations were tabulated in these forms, and we propose to deposit 
copies of them with the Eoyal Society. In this paper we give fewer data. It will, 
however, be more convenient to describe these under the heading " Results of the 
Observations," p. 93, and we now proceed to use the tabulated results in a discussion 
of the accuracy of our work. 

Errors of Experiment. 

The completion of so large a number of observations as those involved in our 
survey, carried out for the most part by two observers with different sets of instru- 
ments, affords a good opportunity of testing the accuracy of experiment in the field, 
especially as we have followed a regular practice of determining both the geographical 
and magnetic meridians by means of independent experiments made at an interval of 
several hours. Again, our method of tabulating the results of the Force observations 
furnishes a good test of the various parts of the experiments, and, as will be seen here- 
after, we are able, in the case of the Dip observations, to arrive at conclusions as to 
the small errors due to the imperfections even of the excellent needles supplied by 
Mr. Dover. 
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In the first place then, we take as the error of a Declination, the difference from 
the mean of the values obtained at the same station at an interval so small that the 
secular correction is not involved (i.e., a few hours or days), when both the geographical 
and magnetic meridians are determined independently. 

The error of a Force observation is taken as half the difference between the two 
independent values, calculated as above described. 

Lastly, the error of a Dip observation is half the difference between the results given 
with needles 1 and 2. In the case of the last two, it is evident that both quantities 
may be affected with small errors which are not thus detected, such as that due 
to uncertainty as to temperature, in the case of the Forces, and errors of setting in 
the magnetic meridian, in that of the Dips. 

Taking, however, these quantities and treating them as though all the results in 
each group were measures of the same quantity, we get the following values of the 
probable error : — 



Declination .... 
Horizontal Force . . 
Dip 


Number of observations. 


Probable error. 


97-5 
196 
190 


0'-699 

0*00028 (M.U.) 
0'-15 



In this Table, we count each double observation as one. The fraction, in the case 
of the Declination, is due to the fact that, at some stations, an odd number of 
observations was made. 

It is useful to analyse the observations still further. In so doing, we have generally 
treated Scotland as a whole. During our earlier tours we observed together, and 
sometimes one observer would take the geographical and the other the magnetic 
meridian, one would observe the deflection and the other the time of vibration. It is, 
therefore, difficult to separate the results. In England and Ireland we always observed 
apart ; and, with the exception of a short tour in 1886, when Dr. Thorpe used Dip Circle 
No. 74, we always used different instruments. The mean values of the quantities are 
taken irrespective of sign, so that they indicate the average value whether positive or 
negative. 

The definitions of the quantities used as tests, are given on p. 70. The symbol dS 
indicates the mean error of the element. 
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Declination Observations. 



England .... 
Ireland 


Observer. 


Instrument. 


Mean values of 


fi. 


f-fo- 


10. 


d$. 


R, and T. 
T. 
R. 
T. 
R. 


60 and 61 
61 
60 
61 
60 


+ 0-31 
+ 0-39 
+ 0*45 
+ 0-48 
+0-39 


+ 0-39 
+ 0*32 
+ 0-35 
+ 0-24 
+ 0-32 


+0-75 
+ 0-28 
+0-39 
+ 0-37 
+ 0-42 

..& ..... 


+ 0-77 
+0-71 
+ 0-85 
+ 0-51 
+ 0-63 



Roughly then, the average errors due to imperfect adjustment of the mirror, 
to inaccuracy in determining the magnetic axis of the magnet, and to torsion, ought 
not, in each case, to exceed about 0*4 of a minute of arc, assuming that no correction 
was attempted, as would be the case, for instance, with regard to /x, if no back 
observations of the sun were taken. As in the great majority of cases, all three were 
corrected by front and back observations on the sun, by observing the magnet erect 
and inverted, and by determining the torsion, we may be sure that the actual errors 
were much below these amounts. It seems, therefore, probable that the observations 
are affected with small errors which are not so capable of correction, for: the mean and 
probable values of dS appear to prove that it is an even chance that each of two 
independent declinations differ from their mean by more than /# 7. 

In the following Table we give a similar analysis of the Force observations. The 
quantity c/2 is the percentage difference of either deflection experiment from their 
mean. 

dT is the average difference in seconds between each " independent" determination 
of the time of a single oscillation (as defined on p. 73) and their mean. 

dH is the average difference between each independent determination of the Hori- 
zontal Forces and the mean of the two involved in each complete experiment. In all 
cases the averages are, of course, taken without reference to sign. 

Horizontal Force. 





Observer. 


Instrument. 


Mean values of 


e/2. 


dT. 


dn. 

M.U. 
+ 0-00033 
0-00030 
0-00025 
0-00028 
0-00022 


Scotland . 
England . . 

Ireland . . 


R. and T. 
T. 
R. 
T. 
R. 


60 and 61 
61 
60 
61 
60 


Per cent. 
+ 0-041 
0-031 
0-023 
0-033 
0-017 


s. 
+ 0-00043 
0-00040 
0*00035 
0-00032 
0-00040 
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We have analysed the dips in a somewhat different way. 

If one needle tends to give a slightly higher or lower result than the other, the 
mean value of the difference of the results, always taken in the same order— viz., dip 
given by Needle 1, minus dip given by Needle 2— -ought to give the bias or measure of 
the difference due to imperfections in their construction. If this quantity be sub- 
tracted from the difference of the results in each observation, we get the error of 
experiment, which is the difference due to imperfection in observing and correcting. 
The mean of the last quantities, taken without reference to sign, is the mean error of 
experiment. 

Thus, if we take the difference as positive when Needle 1 is the higher, out of 
23 stations in Ireland at which observations were made with the same instrument (74), 
it was positive at 15 and negative at 8. The mean of all the differences showed that, 
on the average, Needle 1 gave results 0'*31 higher, and Needle 2 results 0';31 lower, 
than the mean of the two needles ; so that there is evidence of a bias which would 
make Needle 1 give results 0'*6 higher than Needle 2. That this number is worthy of 
credit is shown by the close agreement of the values obtained with the same instru- 
ment in England, and by the practical identity of all the numbers obtained for Dip 
Circle 83 in England, Scotland, and Ireland. 

The axles of the needles of Dip Circle No. 74 appear to have undergone some slight 
alteration between the end of 1885 and the beginning of 1886, but there seems no 
doubt that since that date Needles No. 1 in the two instruments have read about /# 3 
and 0'*2 respectively above the mean of the two needles. 

The following Table gives a summary of the results : — 

Instrument 74. 





Observers. 


Number of stations, with 
difference. 


Bias. 
Upper sign, Needle 1. 
Lower sign, Needle 2. 


Positive. 


Negative. 


Scotland . 
England . . 

Ireland 


T., R., and L. 
T. 
R. 
R. 


18 

8 

24 

15 


31 

2 
12 

8 


+ 0-25 
+ 0'25 
+ 0-33 
+ 0-31 
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Instrument 83. 





Observers. 


Number of stations, with 
difference. 


Bias. 

Upper sign, Needle 1. 
Lower sign, Needle 2. 


Positive. 


Negative. 


Scotland . . 
England . 
Ireland. 


T. and R. 
T. 
T. 


6 
25 
11 


3 
16 

7 


+ 0-19 
+ 0*20 
+ 0-20 



An analysis of the errors and corrections such as we have carried out appears to 
constitute a very delicate test of the observer and instrument combined. Thus it is 
curious to note that (although the differences are small) one of us has on the whole 
been more successful with the Declinations and the other with the Force observations. 
As has already been remarked, the observations in Scotland were often divided between 
us, so that we do not attempt to analyse them, but both in England and Ireland 
Dr. Thorpe's Declinations agree the better by about 0'*26, and Professor Rucker's 
Forces by about 0*00011 metric unit. The facts that in Ireland Professor Rucker's 
mirror appears to have been generally in the better adjustment, and that in England 
Dr. Thorpe's observations of the period of oscillation of the needle were the better, 
indicate that the causes of the differences in the results were probably a more 
perfect management of the torsion of the thread in the Declination observations, and 
a slight superiority in the deflection observations in the Force measurements. 

It will, we think, be granted that in all cases the observations are as good as the 
occasion requires, and we discuss these minute differences not because we think they 
produce any appreciable effect on the results of our survey, but as an illustration of 
the fact that our method of tabulating the observations, conveys information as to the 
personal equations of the observers which is not afforded by the results as ordinarily 
presented. 

We think it possible that if we had been able to carry out the work in a more 
leisurely manner, to observe azimuths only when the Sun was low in the heavens, 
and to wait for fine weather, the results might have been in closer accord, but on the 
other hand we do not think that any improvement so obtained would have been of 
practical importance. The uncertainty of the value of the secular correction at any 
given station, and the changes produced in disturbed districts by a slight alteration 
in the position of the instruments, are far more important than any residual errors 
by which our observations may possibly be affected. 
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Secular Corrections. 

The secular correction is often appreciably different at neighbouring stations. Thus 
the annual change in the Dip in the years 1883-4 and 1884-5 was l'*8 and Y'7 at 
Greenwich, and l'*4 and l'*2 at Kew. 

The differences in the Declination change are still more marked, as the following 
Table show r s. 



Year. 


Declination. 


Annual variation. 


Greenwich. 


Kew. 


Greenwich. 


Kew. 


1880 

1881 

1882 

1883 

1884 

1885 ..... 


18 32-6 
271 

150 

7'6 
17 


18 59-0 
50-5 

44-8 
40-0 
32-0 

24-7 


5 ! 5 
4'8 
7-3 

7*4 
5-9 

• # 


8 ! 5 
5-7 
4-8 
8-0 
7-3 

» • 



It will be noted that the annual variations differed in 1880 by 3 /# 0, and that the 
average difference irrespective of sign is 1''4. 

It does not therefore appear advisable to reduce the observations to one epoch by 
means of the annual variations as determined at a single observatory. 

On the whole a better result will probably be attained if we collect all the evidence 
at our disposal and deduce from it an average secular change. 

The comparison of our own observations with those of Mr. Welsh affords the 
means of determining this quantity for Scotland, and proves that the rate of decrease 
of the Dip is less in the northern than in the southern stations, a result which is in 
accord with previous observations. 

The mean decrease in Scotland between 1837 and 1857 was l'*94. ('Brit. Assoc. 
Rep./ 1859, p. 169.) In the nearly corresponding interval between 1837 and 1860 it 
was 2''05 on the northern border of England and 2''68 on the south coast. (' Brit. 
Assoc. Rep./ 1861, p. 260.) 

Unfortunately very few Dip observations were made in England and none were 
made in Ireland in the 1857 survey, but there are a number of stations common to 
the surveys of 1837 and 1886. We can thus determine the secular decrease during 
the last 50 years. In the following Table the stations are grouped according to their 
geographical distribution, the districts being Forth and South Scotland, North, 
Centra], and South England and Wales, and North and South Ireland. 

The data for the 1837 survey are taken from the paper by the late Sir Edward 
Sabine, already cited ('Phil. Trans./ 1870, Vol. 160, p. 271). 
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Table II. — Mean Annual Decrease of Inclination between 1837 and 1886. 



Station. 



Lerwick 
Aberdeen 
Kirkwall 
Wick . . 
Golspie . 
Inverness 
Fort Augustus 

Edinburgh . 
Glasgow . . 
Helensburgh 
Campbelton 
Cumbrae . 
Berwick . 

Alnwick . 
Newcastle . 
Carlisle . 
Whitehaven 
Thirsk . 
Scarborough 
Manchester . 
Birkenhead 
Holyhead 

Cromer . 
King's Lynn 
Nottingham 
Pwllheli , . 
Shrewsbury 
Birmingham 
Cambridge . 
Lowestoft . 



Mean Annual 
Decrease. 



1-22 
1-58 
141 
1-47 
1-48 
1-57 
1-44 

1-43 
1-58 



1-70 
1-23 
1-77 

1-67 
1-75 

1-96 
1*77 

1-88 
1-80 
2-10 

1-98 

2-02 

1-81 
1-96 

2-06 
2*04 
1-70 
2-10 

2*02 
1-84 



Station. 



Malvern . . 
Brecon . 
Aberystwith 
Harwich. 
Clifton . . 
Swansea . 

Kew . 

Ilfracombe . 
Salisbury 
Dover . 
Exeter 
Hyde . 
Weymouth . 
Plymouth . 
Falmouth . 

Londonderry 
Strabane 
Bangor . 
Armagh . 
Enniskillen . 
Ballina . 
Westport 
Clifden . . 

Gal way . 
Dublin . 
Limerick. 
Waterford . 
Killarney 
Cork . . . 
Yalentia . . 



Mean Annual 
Decrease. 



2-33 
2-24 

2-27* 
2-02 
2-25 
2-22 

2-04 
2-04 
2-28 
2-10 
2-06 
2-26 
2*32 
2-26 
2-46 

2-04 
1-87 
1-98 
2-09 
2-04 
2-06 
212 
213 

1*99 
2-06 
2*21 
231 
2-45 
2-32 
2-50 



There is a steady increase as we pass from north to south, and from east to west. 
This is brought out in the next table, in which the mean decrease is given for each 
district, and also for the stations in the easterly and westerly parts of it. 







Mean annual decrease of inclination between 


District. 


Number of 

Stations. 


1837-1886 for 














Whole district. 


Western half. 


Eastern half. 


North of Scotland 


IT 


1-45 


1-49 


1-42 


South of Scotland 


6 


1-51 


• • 


* • 


North of England and North Wales . 


9 


1-88 


1-97 


1*77 


Midlands and Wales 


14 


2-05 


2-10 


2-00 




9 


2-20 


224 


217 




8 


2-04 


2-07 


1-98 




7 


2-26 


2-37 


215 
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In the case of twelve Scotch and six English stations we are able to compare the 
rate of change in the two periods 1837-1857 and 1857-1886. The data are taken 
from the sources above described. 





Mean annual decrease of inclination. 




Station. 




Ratio. 








1837-1857. 


1857-1888. 




Lerwick ....... 


1-65 


0-96 


1-72 


Aberdeen 


2-02 


x'oo 


1-52 


Kirkwall . 


1-97 


1-07 


1-84 


Wick 


2-02 


1-11 


1-82 


Grolspie. ....... 


1-68 


1-38 


1-22 


Inverness 


1-92 


1-37 


1-40 


Fort Augustus 


1-80 


1-21 


1-49 


Edinburgh 


1-82 


1-14 


1-60 


Glasgow 


1-80 


1*42 


1-27 


Helensburgh 


1-48 


' 1-32 


1*12 


Campbelton 

Cumbrae ....... 


1-99 
1-53 


1-39 

0-94 


1-43 
1-63 


Berwick ....... 


2-48 


1-33 


1-87 


Scarborough 

Stonyhurst ...... 

Cromer ....... 


2-02 


1-63 
1-75 
1*44 


1-24 
1-54 


Cambridge 


2*50 


1-58 


1-58 


Lowestoft 


2-17 


1-54 


1-41 


Kew 


2*65 


1-62 


1-63 


St. Leonards 


* • 


lOii 


• • 


Plymouth 


2-73 


189 


1-44 



The mean ratio for North Scotland is 1*57, for South Scotland 1*49, and for 
England 1*47. 

These figures prove that the ratio of the mean annual decrease, in the intervals 
1837-57 and 1857-87 has been nearly constant all over Great Britain, but that the 
rate of change has been rather more rapid in the north. 

If we assume that the ratio has been 1*5 for England and Ireland, we may 
deduce x, the mean annual decrease between 1857-87, from the corresponding 
quantity given in Table II., p. 82, for the interval 1837-87, by the formula 

1-5 X 2(ta + 30x = '50d, 
x = 5d/6. 

The same quantity is determined for stations in Scotland bv direct experiment by 
the comparison of our own observations with those of Mr. Welsh. The results are 
given in the following Table. 
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Mean Annual Decrease of Inclination in Scotland between 1857 and 1884-8. 



Station. 



Lerwick. 

Kirkwall 

Strornness 

Thurso . 

Wick . 

Loch Invei 

Stornoway 

Callernisn 

Golspie . 

Banff. 

Elgin 

Inverness 

Kyle Akin 

Dalwhinnie 



Mean annual 
decrease. 



0'96 
1-07 
1-27 
1-15 
1-11 
1-32 
0-90 
0-99 



1 
1 
1 
1 

1 



•38 
33 
'30 
•37 
12 



1-41 



Station. 



Fort Augustus 
Aberdeen . 
Pitlochrie . 
Oban. . 
Port Askaig . 
Lochgoilhead . 
Edinburgh . 
Glasgow 
Berwick. 
Cumbrae 
Campbelton . 
Ayr .... 
Dumfries . 
Stranraer . . 



Mean annual 
decrease. 



1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 



•21 
•33 

•40 

•27 



12 
14 

■42 
33 
94 
39 
56 
45 
54 



Using these figures and the numbers calculated as above described from Table II., 
p. 82, we get the mean annual decrease between 1857 and 1886 in different parts of 
the United Kingdom, as follows : — 



District. 


Mean annual decrease between 
1857-8 and 1884-7. 


1ST. of England and N. Wales . . 
S. of England ....... 


1-20 
1-36 
1-57 
1-71 

1-84 
1-68 
1-90 



Although we give these numbers as showing the mean results for districts of con- 
siderable size, the figures obtained at the individual stations appear worthy of careful 
study. 

The observed values of the annual decrease for 1857-87 for Scotland, and those 
calculated for the same period for England and Ireland from the 1837-87 surveys 
are inserted in the accompanying map (fig. 1). 

The general increase from east to west is evident, but in Great Britain there are 
some stations the annual decrease at which is less than at those which are nearest to 
them on the eastern side. 

To test whether the differences were accidental a number of supplementary stations 
were taken on the Wye. 

At Malvern and Brecon the calculated secular rates between 1857 and 1886 are 
— l'"94 and — l'*87, and at Clifton and Cardiff — I''87 and — 1''85. In each case 
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the smaller value occurs at the western station. Between them lie Hereford, Ross, 
and Chepstow, and the rates obtained from observations at these in April. 1889, are 
— l'*85, — l'*83, and — 1''84, which are in all cases less than those at Malvern and 
Clifton. These observations then support the view that there is a real maximum 
followed by a minimum rate of change of Dip in this neighbourhood. 

Fig. 1. 




Secular change of Dip, 1858-86. 

This induces us to show in fig. 1 that if all stations at which there is a maximum 
rate of change are joined, we get two long lines running from Edinburgh to Exeter, 
and from Stornoway to Limerick. The stations are not sufficiently numerous to 
enable us to draw any certain conclusions about them, but the point ought not to be 
lost sight of when the survey is repeated. 

For the present we note only that of the three pairs of neighbouring abnormal 
stations at which observations were made in all three surveys, all three are abnormal 
(in the sense that the rate of change is greater at the easterly station) whether we 
take the interval 1837-87 or 1857-87. In both cases the rate at Inverness is greater 
than at Fort Augustus, at Glasgow than at C umbrae, and at Berwick than at 
Edinburgh. 
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The distribution of these stations affords, at all events, prima facie evidence that 
the differences between them are not accidental. That they cannot be due to errors 
of measurement is evident when we remember that an error of 0'*1 in the annual rate 
of change determined from experiments separated by an interval of fifty years would 
require an error of 5' in one or other of the observations, or of 2'*5 in both. We 
therefore decided to regard the figures in fig. 1 as giving the true rate of secular 
change of Dip between 1857 and 1887 at the stations indicated. 

The determination of the mean rate of decrease of Dip between the years 1857 and 
1887 does not,' however, give the value of that quantity during the period of our 
survey. As the rate is diminishing it would be less in recent than in earlier years. 

The evidence we are able to collect on this head is confined to data from Greenwich, 
Kew, and Stonyhurst, and to a few stations at which we observed both near the 
beginning and near the end of our survey. In the following Table we have entered 
such facts as were known to us at the time when the progress of the reductions made 
it necessary to come to a decision on this point. 

Our own observations and those taken at Stonyhurst are corrected for diurnal 

variation and disturbance. The Table illustrates the importance of these corrections 

w T hen conclusions are to be drawn from observations between which the interval of 

time is small. 

Table III. 



Station. 


Date. 


Dip. 


Date. 


Dip. 


Interval 
in years. 


Secular 
rate of 
change. 


Assumed 
rate. 


Loch Aylort . 
Kerrera . 
Stranraer .. 
Stonyhurst 
Kew .... 
Grreenwich . 
Leeds 


Sept., 1884 

Aug., 1884 

Sept., 1884 

1884 

1884 

1884 

Sept., 1886 


71 24 : 
70 51-1 
70 14-1 
69 16*2 
67 39-5 
67 30-2 
69 9-7 


Aug., 1888 

Aug., 1885 

Aug., 1888 

1887 

1888 

1886 

Dec, 1888 


7°1 22-3 
70 487 
70 11-1 
69 9-0 
67 36-4 
67 27-0 
69 6-9 


4 
1 

4 
3 

4 

2 
2-2 

Mean . 


-0-4 
-2*4 
-0-8 
-2-4 
-0-8 
-1-6 
-1-3 


-ro 

-1-2 
-1-4 
-16 
-- 1-5 
- 1-5 
-1-5 


- 14 


, - 1-4 



Note. — Stornoway is omitted because the observations were made in 1884 in the Castle grounds and 
in 1888 on Ard Point, 

These figures illustrate the fact that there may be a considerable discrepancy at 
any particular station between the actual secular change at a given time and that 
deduced from the mean taken over a long series of years. On the whole, we think it 
probable that the present rate of change of Dip is somewhat less than its mean value 
between 1857-87, and we have, therefore, reduced the numbers for that period by 
one tenth, neglecting fractions of a tenth of a minute. This assumed rate gives a 
correct mean rate for the stations referred to above in Table ILL, though it is con- 
siderably too high for some and too low for others. It is probable that in the case of 
Kerrera the observed rate of change is not quite correct. The site is subject to local 
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attraction, and a single pair of observations made at so short an interval as a year is 
hardly sufficient to rely on. The results from Stonyhurst, however, prove that the 
assumed and actual rates of change may differ by 0' # 8, and that, thus, Dips reduced 
to January 1, 1886, from the end of 1888, may be about 2 /# 5 wrong. To prevent, as 
far as possible, any effect on the general run of the isoclinal lines from this uncer- 
tainty, we put down on a map all the assumed rates at places for which they could be 
determined, and took the rate at any other place to be that given by the nearest of 
these stations. 

The rates of decrease thus obtained for the south of England are considerably less 
than those assumed by M. Moureaux for the north of France, which do not differ 
much from — 2 /# 7. These values are obtained for the interval 1858-1885 by com- 
paring M. Moureaux's observations with Lamont's map. We think, however, that the 
observations of the Rev. S. J. Perky, F.R.S.. reduced to the epoch, January 1, 1869, 
prove that in France as in England the rate of change of Dip has been diminishing. 

Twelve stations were common to Father Perry and M. Moureaux; at one of 
these, Marseilles, the station of the earlier observer was no doubt seriously affected 
by local disturbance. The rate of change for the epoch 1858-69 is much larger than 
for any other station, and for 1869-85 it is much too small. Rejecting this observa- 
tion we think the following table shows that M. Moureaux's numbers are too large. 

Secular Change of Dip in France. 



Station. 


Jan. 1, 1869. 


Jan. 1. 1885. 


Secular variation. 


1869-85. 


1859-85. 


Amiens 

Bordeaux .... 
Clermont .... 

Dijon 

Grenoble .... 
Monaco. .... 
Moulins .... 

Paris 

Perigueux .... 
Poitiers .... 
Toulouse .... 

Mean .... 


66 40*3 
63 23*0 

63 36*4 

64 24-5 

62 54-2 

61 221 

64 4-9 

65 52*5 

63 23-9 

64 28-1 

62 1-1 


66 8-0 
62 41-8 

62 52-1 

63 53*4 

62 6-9 

60 41-2 

63 30-1 
65 17-3 

62 44-9 

63 55-6 

61 23*9 


-2-0 

-2-6 
-2-8 

- 19 

- 2-9 
-2-5 

- 2-2 
-2-2 
-2*4 
-2-0 
-2-3 


-2-7 
-31 

-2-8 

- 2-7 

- 2'6 

- 2*8 
-2-7 

- 2-8 
-3-1 

' -2-8 
-3-2 


» ♦ 


» « 


- 235 


- 2-85 



We turn next to the secular change of the Declination. 

A number of stations are common to our own survey and those of 1837 and 1857, 
and we have also observed at several places where the Declination was determined in 
1872. The mean annual decrease calculated for the observations is exhibited in the 
following table : — 
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JL Jz\.xjLjJ1i _L V * JL 










UllO-l/lV-HJ, 


Station. 


1837 to 1886. 


1857 to 1886. 


1872 to 1886. 


Lerwick 


8-4 


10-5 


8*2 


Kirkwall . . . . 


• • # 




7*9 


10*5 


* • 


Thurso .... 


• » • 




• • 


10-6 


9*9 


Loch Eriboll 


» • » 




* * 


10-1 


9*4 


W lOiv ..... 






8*1 


10*5 


9*3 


Stornoway . 


• 




* • 


[8'2 


» • 


Callernish 


« • • 






9-8 


• • 


Loch Inver . 


* 4 « 




• • 


11-8 


• • 


Golspie .... 


* » • 




81 


10-4 


• # 


Elgin 


• * • 




* * 


8*8 


• • 


jDanii . . . 


« • * 




• • 


8*9 


• * 


Loch Maddy . . 


* i * 




• • 


9-8 


• • 


Kyle Akin 


. * 




• * 


8-8 


8*9 


Inverness .... 


* • • 




7*9 


9-0 


• * 


Aberdeen .... 


t ♦ * 




7-7 


8*9 


8*9 


Loch Boisdale . 


• * » 




• • 


• • 


12*0 


Fort Angus tus . 


• • ■ 




• * 


9*1 


* • 


Dalwhiunie . 


* » * 




* * 


8-8 


* # 


Pitlochrie 


• • * 




• • 


8*9 


. , 


Oban ..... 


• » # 




* • 


O 1 


12*9 


Lochgoilhead 


» • • 




• * 


# • 


• • 


Edinburgh . 


* • * 




• • 


9*1 


8-4 


Glasgow .... 


» » • 




• • 


9*0 


• ■ 


Cumbrae .... 


• * • 




• • 


• • 


* • 


Ayr 


* * I 




t « 


8*7 


• • 


Campbelton , 


. 




♦ * 


9*0 


» • 


Dumfries .... 


• . < 




* * 


8*4 


• • 


Stranraer .... 


# . . 




• • 


8*5 


• * 


Liverpool ......... 


• » 


8*2 


• • 


Cromer . 






73 


* • 


7*0 


King's Lynn . . 






• • 


• * 


6*6 


Lowestoft 






7-1 


» • 


• • 


Harwich . 






7-3 


• * 


7*3 


Kew . . . 






• • 


7*8 


• « 


Greenwich . . 






73 


7'6 


7*3 


Milford . . . 






• » 


• * 


*~.j 


Plymouth 






» * 


8-3 


, , 


Falmouth . 






^ # 


8*4 


• « 


Jersey (St. Helier's) . . 


• 


* • 


7*6 


• * 


Londonderry . 


7-7 


• * 


* * 


Westport 






7-6 


♦ ♦ 


# % 


Dublin 






7-5 


• • 


4 . 


Limerick . 






6-9 


* » 


* • 


Wexford . 






# • 


• • 
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Waterford 






6-7 


• * 


• • 


Killarney . . 




• 


6-6 


* • 


* « 


Valentia . 




» * # 


6-9 


* » 


8*4* 


Cork .... 




• 4 • 


6-2 


* • 


t • 
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These results indicate — (1) that the secular change is greater in the northern than 
in the southern parts of the United Kingdom ; (2) that it was much larger between 
the years 1857-86 than during the interval 1837-57; and, lastly, (3) that, in the 
north at all events, the rate of annual decrease is again diminishing. 

The first of these conclusions differs from that arrived at by Sir E. Sabine when 
collating the 1837 and 1857 surveys. He assumed ('Phil. Trans./ vol. 160, 1870, 
p. 268) "an annual decrease of West Declination of approximately 5 /# 6 in Scotland 
and the north of England, increasing to 6'*2 in the middle and southern parts of 
England and to 6' in Ireland." 

Our conclusion that, at the present time, the rate is greater in the north is borne 
out by the values deduced by M. Moureaux from his own observations and the maps 
of Lamont (loc. cit, p. 162}. The values he gives for stations on the Mediterranean 
and on the English Channel are about — 6 /# 5 and —7' '7 respectively, which indicates 
an increase of about 0''2 on the rate for each degree of latitude as we go north. 

The truth of the second conclusion is rendered more apparent by calculating the 
annual rate for the epoch 1837-57 instead of 1857-86, as shown in the following 
Table for the Scotch stations, for which the requisite data are available : — 

Mean Annual Decrease of Declination. 



Station. 


1837 to 1857. 


1857 to 188G. 


Station. 


1837 to 1857. 


1857 to 1886. 


Lerwick . . . 
Kirkwall . . . 

VV lOrC • . • • 

Golspie .... 


-5-5 

-4-5 

-4-8 
-5*0 


- 10-5 

- 10-5 

- 10-5 

- 10-4 


Inverness . 
Aberdeen . .- . 
Loch Iirver 


- 6-3 

- 6*8 

- 2-9 (?) 


- 9-0 

- 8-9 

- 11-8 



The third conclusion is supported by a comparison of M. Moureaux's rates for the 
epoch 1859-1885 with those obtained by collating as before his results and those of 
the Eev. S. J. Perry {loc. cit). 



MDCCCXO. — A ? 



N 
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Declination. 


Secular rate of change. 


Station. 
















Jan. 1, 1869. 


Jan. 1, 1885. 


1869-85. 


1859-85. 


Amiens .... 


18 19-0 


16 34-7 


- 6-5 


- 7-4 


Bordeaux 








18 12-5 


16 45-7 


- 5-4 


- 7-0 


Clermont . 








16 27-6 


15 25-0 


-3-9 


- 6-9 


Diioii 








16 36-7 


14 45-2 


- 7-0 


— 7-2 


Grenoble 








15 49-3 


14 11-0 


- 6-1 


- 6-8 


Marseilles . 








15 41-5 


14 0-0 


- 6-3 


- 67 


Monaco 








14 31-4 


13 10-5 


- 50 


- 6-5 


Moulins 








16 29-2 


15 25-6 


-4-0 


- 6-9 


Paris 








17 50-5 


16 10-2 


- 6-3 


- 7-4 


Peri^uenx 








17 40-9 


16 8-6 


- 5-8 


- 7-0 


Poitiers. 








18 18-4 


16 40-8 


- 6-1 


- 71 


Toulouse 








17 73 

• * 


15 41 4 


-5-4 

1 — o*6 


-6-8 


Mean 




• 


• • 


« « 


- 7-0 



This result— that the rate of decrease is diminishing — is in accord with the conclu- 
sions drawn by M. Moukeaux himself from a comparison of his own observations 
with those on which a magnetic map of France for the epoch 1875 was based by 
M. Marie-Davy (loc. dt. 9 p. 166). He did not, however, make use of this fact, as 
the number of observations employed by Marie-Davy was small, and they were 
taken at stations irregularly distributed over France. He does not cite the observa- 
tions of Father Perry, which, as the above Table shows, strongly support the same 
view. 

In the next Table we give such observations as were made at English observatories 
or by ourselves during the progress of the survey which bear on the question under 
discussion. No verv definite conclusions can be drawn from them. 

Two single observations at the interval of a year, as at Kerrera and Glasgow, are 
hardly sufficient for the purpose of deducing a secular rate. Loch Aylort and 
Stornoway are both disturbed stations and the results are thus less trustworthy. The 
general evidence that the secular change is greater in higher latitudes is opposed by 
the fact that Stony hurst gives a less value than Kew and Greenwich. If the increase 
with latitude which obtains in France were maintained in England, the value at Paris 
being taken at — 6'"3, we could deduce — 6'" 8 for London; — 7'7 for Edinburgh; 
and — 8''2 for Wick ; of which the two latter are less than the values for the epoch 
1872-86 given in Table IV., p. 88, 
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Station. 



Stornoway . 

(Ard Point) 
Loch Aylort 
Kerrera . 
Glasgow 
Stranraer 
Stonylmrst 
Heading 
Kew . . 

Greenwich 



Date. 



> Sept.. 






1884 

1884 
1884 
1884 
1884 



Sept., 
Aug., 
Aug., 
Sept., 

1884 
April 30, 1886 

1884 

1884 



Declination. 


o 


/ 


24 


20-6 I 

40-2 


23 


22 


25-4 


21 


21-3 


21 


46-2 


19 


52-8 


18 


13-1 


18 


33-9 


18 


7'6 



Date. 



Aug., 
Aug., 
Aug., 
Aug., 
Aug., 
Aug., 



1885 
1888 
1888 
1885 
1885 
1888 



1887 

May 30, 1888 
1888 



1888 



{ 



Decimation. 


Ii 


ifcerval 




m 


years. 


24 12-4 




0-96 


23 49-9 




4 


22 41*8 




4 


22 15-2 




1 


21 18-2 




1 


21 13'1 




4 


19 35-2 




3 


17. 53-9 




2 


18 9-3 




4 


17 40-0* 


} 


4 


(approx.) 



Secular rate 
of change. 



8-5 
7-7 
14-6 
10-2 
31 
8-2 
5-9 
96 
6*1 

6-9 



From Table IV. we see that the rates at Greenwich for the three intervals, 
1837-86,' 1857-86, and 1872-86 are nearly the same, the differences between them 
and the mean rate during the period of our survey (6'*9) being 0'*4, 0'*7, and 0'*4 
respectively. Assuming that if we subtract these numbers from the rates calculated 
for the same epochs for the other English stations in Table IV. we obtain the present 
rates at the stations, we find as a mean rate 7''0, which agrees closely with that of 
Greenwich. 

On the whole we decided to take a secular rate of — 7'*0 in England south of a line 
joining Redcar and Barrow, and also in Wales, and in Ireland south of a line joining 
Dublin and Donegal. 

For the remainder of England and Ireland we have assumed the rate to be — 8'*0 
per annum. At the time when most of the Scotch observations were reduced we had 
not M. Moukeaux's results before us, and we hardly felt justified in departing from 
the rates given by the comparison of our observations with Mr. Welsh's, on the 
evidence of the small number of stations at which the Declination was determined in 
1872. We, therefore, employed rates varying from — 10''4 in the north of Scotland 
to — 8' "8 in the south, the change on the east coast being somewhat greater than on 
the west. These may be a little too large but the error certainly does not exceed 
the variation which occurs between neighbouring stations. For the later Scotch 
observations we used a rate of — 9'*0. 

The data for the determination of the secular change of the Horizontal Force are 
more scanty than in the case of the other elements. 

At the time of the 1837 survey the measures were comparative only, and though 
Sir E. Sabike afterwards reduced them to absolute values by means of the known 
absolute value and secular rate at Kew, we do not think any useful end would be 
attained by discussing them. 

M. Moureatjx found that for the interval 1848-85, the secular variation in France 
attains its maximum + 0*0027 (M.TJ.) at Bordeaux and decreases slowly towards the 

* From information kindly supplied by the Astronomer-Royal. 

N 2 
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east, being *0025 at Paris and + 0*0023 at Nice and Mezieres (loo. cit, p. 167). The 
mean value obtained by the Rev. S. J. Perry in 1869 by comparison with Lamont was 
0*0023 (' Phil. Trans./ Vol. 160, 1870. p. 48), which was increasing by about 0*000008 
per annum and would correspond to 0*0025 at the present time. 

By comparison of our own observations with those of Welsh we obtain 0'0018 as a 
mean for Scotland between 1857 and 1886. 

The following Tables give these values and those which were obtained at the 
English observatories or by ourselves during our survey. 

Secular Change in Horizontal Force, 



Station. 



Dumfries . 
Stranraer . 
Ayr . 
Oban 

Fort Angus 
Inverness . 
Aberdeen . 
Pitlochrie . 
Dalwhinnie 
Edinburgh 

Kyle Akin 

Stornoway 

Callernisb . 
Loch Inver 
Thurso 
Lerwick . 

Kirkwall . 

Wick . . 
Golspie 



his 



• 9 



Welsh. 



Mean » 



R. and T. 



Uncorrected for v and A. 



1-6006 
1-5853 
1-5756 
1*5451 

JL 0_Lotb 

1-5093 
1-5166 



1 
1 
1 
1 
1 



5341 

'5377 
5665 
■5697 
■5009 
1-4773 
1*4783 
1*4794 
1-4731 
1 *4499 
1-4763 
1*4313 
1*4669 
1-4725 
1*4753 
1*4706 
1-4893 



1-4783 



1-4716 



16522 
1-6433 
16317 
1*6083 
1*5643 
1*5653. 
1-5735 
1*5926 
1*5926 
1-6162 

1-5407 

1-5122 

1*5236 
1*4956 
1*5209 
1*4718 

1*5111 

1-5117 
1-5390 



Difference. 



0516 
0580 
0561 
0632 
0509 
0560 
0569 
0585 
0549 
0497 
0465 
0398 

0339 

0505 
0457 
0446 
0405 

0395 

0411 
0497 



Interval. 



1 6cliS. 

27 
27 
27| 
31 

28 
28 
27| 

27 i 

27| 

27| 
26f 



26 T V 



27 
26} 



27 
27 



26f 

26f 



Secular rate 
of change. 



0019 
0021 
0020 
0020 
0018 
0020 
0021 
0021 
0020 
0018 
0017 
0015 

0013 

0019 
0018 
0017 
0015 

0015 

•0015 
•0019 

•0018 
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The results at Kew and Greenwich show that the secular variation varies so much 
from year to year that it is practically impossible to draw any conclusions from so 
short a period as 2 or 3 years, and our own observations on Scotland show that if to 
this difficulty, that due to a slight variation in the position in a disturbed district is 
added, the results are still less trustworthy. At the time when the reductions were 
made the Greenwich results for 1886 and the Stony hurst results for 1887 had not 
been published. We therefore took the mean of the values for Stonyhurst 1883-1886, 
Kew 1883-87, and Greenwich 1883-1885, or +0*0022 the annual increase for 
England. This value is in fair accord with M. Moukeaux's results. In Scotland* we 
took the number given by the comparison of our own and Welsh's observations, viz., 
+ 0*0018, and for Ireland -f 0*0020. 

Results of the Observations. 

Having thus described the observations and the methods of correction and reduction 
to epoch, we now proceed to give a more detailed account of the results at each 
station. In doing this we have attempted to distinguish between facts which it is 
necessary to give for the information of most of those who may read our paper, and 
details which ought to be preserved, but which will nevertheless only be of interest 
to observers who may for any cause wish to undertake a detailed examination of our 
results. We have therefore decided to publish in this paper only a description of 
each station, the hours at which the observations were taken, the results corrected for 
diurnal variation and disturbance, and the mean reduced to epoch, As Magnetic 
Observatories and provincial Colleges are now rapidly multiplying, it is not too much 
to hope that special studies of the districts in their immediate neighbourhood may 
from time to time be made by those connected with such institutions. It is, therefore, 
we think, important that the descriptions of the stations should be readily accessible. 
In adding to these only the times at which the observations were taken, and the 
actual and reduced results, we are publishing far less than has been usual. Thus, in 
the case of the Rev. S. J. Perry's survey of the east of France, he gave for the Force 
observations the date, hour, and temperature for both vibrations and deflections, the 
time of one vibration, log mX, the distances of the magnets in the deflection 
experiment, the observed deflections, and log m/X. M. Moukeatjx has not given 
quite so many details of the Force observations, but in the case of the Declination he 
gives the individual readings for the determination of the geographical meridian, &c, 
so that the description of his work at each station occupies about two quarto pages. 
For our own part we have no fault to find with the publication of these details ; on 
the contrary, we have found them to be useful ; but the large number of stations 
included in our survey would, we fear, make this paper inordinately long if we 
adopted a similar plan. We therefore purpose to place in the hands of the Royal 
Society bound copies of the details of the observations and calculations, and also of 
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the forms described on pp. 71-74, in which the results are analysed and the 
corrections for diurnal and secular variation and disturbance are applied. It will 
thus be possible for those who may desire to do so to inspect these, and the data used 
in the preparation of the Tables on pp. 77-80 will be on record, while this paper will, 
we hope, contain sufficient to enable future observers who are not specially interested 
in the details of the calculations and reductions to find the positions where we 
observed, to know when we observed there, and to judge from the final results of the 
general accuracy of the observations. We have followed the plan adopted by 
M. Moukeaux of giving all the facts with respect to each station together, which we 
think the most convenient. Tables are also given on pp. 251-258 in which the final 
results are entered in tabular form for comparison with the values obtained by calcu- 
lation from formula to be hereafter discussed. 

The stations are arranged in the following order :— Three groups are formed, 
comprising Scotland, England and Wales, and Ireland, this being the chronological 
order of the bulk of the observations in each of these countries. In each group the 
stations are arranged in alphabetical order, and they are numbered continuously 
throughout. These numbers are affixed to the positions of the stations as given on 
Plate I., which serves as an Index map. 

The Scotch stations, from Aberdeen to Wick, are numbered from 1 to 54, and 
it should be mentioned that the name of a Loch is regarded as determining the initial 
letter. Thus East Loch Tarbert is found under T. 

The English and Welsh stations, including the Isle of Man and the Channel 
Isles, from Aberystwith to Worthing, are numbered from 55 to 156. 

The Irish stations, from Armagh to Wicklow, are numbered from 157 to 200. 

Thus anyone desirous of looking up the observations at a particular place, can 
easily do so from a knowledge of its name, while the stations in any particular district 
can be found in Plate I., and then referred to by means of the corresponding numbers. 

The data given in each case, are as follows : — 
(1.) The number and name of the station. 
(2.) Date of the observations. 

(3.) Initials of the observer and numbers of the instruments. 
(4.) Latitude and longitude of the station. 
(5.) Verbal description of the station, 

For the Declination we give : — 

(1.) The time from the southing of the sun (£), at which the geographical 

meridian was determined by sun observations, a positive sign indicating the 

afternoon. 
(2.) The G.M.T. of the determination of the magnetic meridian. 
(3.) The observed Declinations with all corrections applied (S). 
(4.) The mean observed Declination reduced to the epoch, January 1, 1886 (S ). 
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For the Inclination we give : — 
( 1 .) The number of the needle. 

(2.) The G.M.T. at which the observation was made. 
(3.) The observed Dip, with all corrections applied (0). 
(4.) The mean observed Dip reduced to epoch (# () ). 

For the Horizontal Force we give : — 

(1.) The G.M.T. at which the deflection (D) and vibration (V) were observed. 
(2.) The corrected independent forces found as described on p. 73 (H), but 

corrected for diurnal variation and disturbance. 
(3.) The mean observed Horizontal Force reduced to epoch. 
Longitudes are to be taken as west of Greenwich, unless the contrary is expressly 
stated. 

Descriptions of Scotch Stations. 



1. Aberdeen. April 6 and 7, 1885 ; A. W. R and T. E. T. (60, 74). Lat. 57° 9' 50" ; 
Long. 2° 6' 5". In a field behind Professor Milligan's house, immediately oppo- 
site to King's College. Tower of King's College E.S.E. ; hermitage in Miss 
Leslie's park W. by S., and the centre of the gate of Miss Leslie's lodge S.E. 
byS. 

Declination. 



Date. 


. 2Li, 


G.M.T. 


h. 


V 


April 6 

., 7 


h. m. 

-2 42 


h. m. 

14 49 

9 53 


20 24*3 
20 2P6 


o / 

20 16-3 




Inclination. 






Date. 


Needle. 


1 
G.M.T. 


0. 


O - 


April 6 


1 
2 


h. m. 

14 46 

15 28 


7°1 12-4 
71 14-1 


o / 

71 12-3 




Horizontal Fore 


e. 




Date. 


G.M.T. 


H. 


H . 


April 6 


D 
V 


h. m. 
15 56 
14 10 


1-5724 
1-5719 


1-5734 
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MR. A. W. RtTCKER AND PR. T. E. THORPE ON A MAGNETIC 



2. Abinagower (Coll). August 11, 1885; A. W. R (60). Lat. 56° 37' 5"; 
Long. 6° 31' 12". Near the landing-place on tlie west side of the bay. This 
observation was taken during an unexpected detention of the steamer. The 
declination was the only element determined. 

Decimation. 



2. 


v4 . XVJL . .A. . 


8. 


B . 


h. m. 

— 59 


h. m. 
12 1 


23 44-2 


23 40-4 



3. Loch Aylort (Gobbar Island). September 12, 1884 ; A. W. E. and T. E. T. (60, 74). 
August 2, 1888 ; T. E. T. (61, 83). Lat. 56° 51/ 5 /f ; Long. 5° 47' 0", On the 
east side of the island. 

declination. 



Date. 


2. 


G.M.T. 


B. 




Sept, 12, 1884 
Aug. 2, 1888 


h. m. 

+ 2 48 

+ 1 15 


XX* XXX* 

15 42 
f 12 16 

[13 24 


23 40-2 
22 40-5 
22 43-1 


23 27-2 
23 5-9 



Inclination. 



Date. 


Needle. 


G.M.T. 


e. 


e . 


Sept. 12, 1884 
Aug. 2, 1888 


1 

2 
1 

2 


h. m. 

14 44 

15 46 

13 27 


71 24-8 
71 23-2 
71 22-0 
71 227 


I 

71 22*6 
71 25-4 



Horizontal Force. 



Date. 


G.M.T. 


XX. 


JLX/\» 






h. m. 






Sept. a 12, 1884 


D 


16 39 

17 14 


1-55711 
1:5583 J 


1-5600 




V . 


15 9 


1-55761 
1-5578 J 


1-5600 


Aug, 2, 1888 


D 
y 


14 28 
13 


1-5772 
1-5776 


1-5727 
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4. Ayr. May 25, 1885; A. W. K. (60, 74). Lat. 55° 27' 30"; Long. 4° 37' 10". 
On the low green about 150 yards from the Castle. Identical with Mr. Welsh's 
station. 

Declination, 



2. 


(r M T 


S. 


£ . 


h. m, 
-3 55 
-1 29 


h, m, 

8 55 


2°1 23-0 
21 23-4 


o ' 

21 17*9 



Inclination. 



£Teedle, 



1 

2 



V-T • JLtJL t JL * 



h. m. 
lo jLt) 



0. 



70 21*6 
70 23-1 



e Q . 



O I 



70 21-4 



Horizontal Force. 





G.M.T. 


H. 


H . 






h. m. 






I) 




11 21 


1-6337 




V 




9 25 

• • 


1-6336 
1-6381 


1-6345 


V 




10 28 


1-6334 





5, Ballater. April 7 and 8, 1885 ; A. W. R and T. E. T. (60, 74). Lat. 57° 2' 53" ; 
Long. 3° 2' 6". Fifty yards from the Invercauld Arms Hotel ; near the riven 

Declination. 



Date. 


2. 


\^A *-*.tJLo *«&» • 


a. 


s Q . 


April 7 
„ 8 


h. m. 

+ 3 30 
-2 51 


h. m. 
16 26 

* * 


20 36-9 
20 36-1 


o / 

20 29-5 



MDCCCXC. A, 



O 
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MR. A. W. RttCKER AND BR, T. B. THORPE ON A MAGNETIC 







Inclination. 






Date. 


Needle. 


G.M.T. 


o. 


e . 


April 7 


1 
2 


h. m. 

15 39 

16 22 


7°1 14-9 
71 17-8 


o / 

71 15-4 



Horizontal Force. 



Date. 


G.M.T. 


H. 


H 


April 7 


D 

Y 


li. m. 
15 11 

17 2 


1-5703 
1*5699 


1-5714 



6. Banavie. August 4, 1885. A. "W. R. and A. P. L. (60, 74). Lat. 56° 51' 0" ; 
Long. 5° 5' 40''. Field close to and on the North side of the Hotel. 





Declination. 




2. 


G.M.T. 


$. 


B Q . 


h. m. 

+ 4 16 


h. m. 
17 39 


2°2 10-6 


22 67 


Inclination. 


Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

17 11 

18 5 


7°1 11*7 

71 12-1 


o / 

71 11-4 



Horizontal Force. 



G.M.T. 


H. 


H 


D 

Y 


h. m. 

18 23 
17 10 


1-5928 
1-5938 


1-5940 
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7. Banff. July 9, 1885; A. W. B. (60, 74). Lat. 57° 39' 57" ; Long. 2° 31' 17". 
In the grounds of the old Castle ; on the lawn in front of the house formerly 
occupied by Dr. Bremner, now by Sheriff Scott-Moncrieff. Same station as 
that at which Mr. Welsh observed. 





Declination. 




2. 


G.M.T. 


S. 


s . 


h. m. 

-2 40 


h. m. 

10 28 


21 8'8 


/ 

21 4-5 




Inclination. 




Needle. 


G.M.T. 


0. 


00. 


1 

2 


h. m. 

12 58 

13 39 


7°1 19-7 
71 19-6 


O / 

71 19-0 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 
V 


h. m. 
11 48 
11 7 


1-5669 
1-5681 


1-5684 



8. Berwick. April 2, 1885; A. W. B. and T. E..T. (60, 74). Lat. 55° 46' 4"; 
Long. 1° 59' 52". On a bastion. Powder-magazine distant about 150 yards N. 
Church, N.W., and works on sandspit at mouth of river S. 

Declination, 



2. 


G.M.T. 


K 


. $q- 


h. m. 
-3 5 


h. m. 
9 50 


19 42-9 


19 36-4 



9 



/J 



100 



MR. A. W. RtTCKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


G.M.T. 


0. 


0Q. 


1 
2 


h. m. 

10 57 

11 34 


70 15-8 
70 17-8 


Q 1 

70 15-9 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 
Y 


h. m. 
11 35 

10 28 


1-6474 
1-6467 


1-6483 



9. Boat of Garten. July 31, 1885 ; A. W. E. and A. P. L. (60, 74). Lafc. 57° 15' 0"; 
Long. 3° 45' 13". On the Green to the North of the Station, about 200 yards 
from the Hotel. 

Declination, 



2. 



h. m. 

-f 3 37 



G.M.T. 



h. m. 
15 31 



a. 



22 11-7 



*o- 



22 77 



Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 
2 
1 


h. m. 
15 51 

18 

18 28 


71 15-0 
71 19-3 
71 16-0 


o / 

71 163 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 
V 


h. m. 
16 43 
15 6 


1-5776 
1-5781 


1-5786 
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10. Loch Boisdale (S. Uist). August 31, 1884 ; A. W. R and T. E. T. (60, 74). 
Lat. 57° 8' 55"; Long. 7° 18' 0". In the Bay on the Island of Kisgay. 

Declination. 



2Lt, 


G.M.T. 


a. 


8 . 


h. m. 
-1 51 

+ 4 56 


h. m. 
11 19 
16 45 


o ' 

23 7-1 
23 71 


O / 

22 53-3 



Inclination. 



Needle. 


\Ji • jj/JL » JL # 


e. 


Oq. 


1 

2 


h. m. 

11 29 

12 30 


7°1 41 f 
71 39-9 


O 1 

71 39-3 



Horizontal Force. 



yJFtJJtJLt X • 


H. 


__ 

XLq. 


1) 

V 


h. m. 
12 49 
12 2 


1-5284 
1-5288 


1-5310 



11. Bunnahabhain (Hay). August 25, 1888 ; A. W. R and T. E. T. (60, 61, 83). 
Lat. 55° 53' 0"; Long. 6° 8' 0". At the bottom of the road, 150 yards N. of 
the Distillery and about 10 yards from the beach. 



Declination. 



s. 


V7 • JJ-i- • JL • 


8. 


V 


h. m. 


L m. 


1 


/ 


-2 32 


10 55 


22 44-0 




-1 12 


11 36 


22 46-0 




-2 29 


10 29 
12 25 


22 46-0 
22 47*3 


23 10*3 


-1 16 


14 30 


22 47-9 






15 9 


22 47=3 
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MR. A. W. RtJCKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


G.M.T. 


e. 


Q . 


1 

2 


h. m. 

12 46 

14 38 


c / 

70 39-4 
70 39-8 


o y 

70 43-0 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 

V 


h. m. 
15 39 
14 55 


1-6292 
1-6291 


1-6243 



12. Calleenish (Lewis). August 20, 1885; T. E. T. (60, 74). Lat. 58° 11' 0" ; 
Long. 6° 42' 0". Fifty yards S.S.W. (magnetic) from front of Garynahine inn. 





Declination. 




2. 


G.M.T. 


d. 


V 


h. m, 
+ 52 


h. m. 
18 3 


o / 

23 44-1 


o / 

23 40-6 


Inclination. 


Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

7 26 

8 1 - 


O i 

72 7-5 
72 7*4 


o / 

72 7*1 



Horizontal Force. 



G.M.T. 


H. 


H . 


V 


h. m. 
18 21 


1-5224 


1-5231 
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13. Campbelton. August 22 ? 1884 ; A. W. K, and T. E. T. (60, 74). Lat. 55° 25' 30"; 
Long. 5° 36' 5". 200 yards N.E. from Lime Crags. 400 yards E.S.E. from old 
Parish Church. Same station as that at which Mr. Welsh observed. 



Declination. 





G.M.T. 


a. 


S . 


li. m. 
-1 20 
- 1 13 
+ 1 43 


k. m. 

14 36 


22 21-1 
22 21-0 
22 19*8 


o / 

ii2x o*l 



Inclination. 



Needle. 


GLM.T. 


0. 


e . 


1 


XX * XXX, * 

12 56 

13 27 


7°0 35-2 
70 36-9 


o t 

70 34-2 



Horizontal Force. 



G.M.T. 


TT 




D 

Y 


XX* XXX* 

12 58 
1 1 49 


1-6236 
1-6204 


1*6244 



M~ Jfc # 



Canna. August 30, 1884 ; A. W. R. and T. E. T. (60, 74), Lat. 57° 3' 30" 
Long. 6° 29' 20". On the high land N.E. of the Harbour, and S. W. of Compass 

Hill. 

Declination. 



Jr*M • 


GLM.T. 


S. 


B . 


h. m. 

- 4 35 


8 12 


21 21*8 


2°1 8*4 
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MR. A. W. RtTCKER AND DR. T. B. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


G.M.T. 


0. 


O . 


2 


h. m. 

8 38 


7°2 46-3 


72 45-0 



Horizontal Force. 



G.M.T. 


H. 


H 


D 
V 


h. m. 
9 10 
8 30 


1-5065 
1-5072 


1-5092 



15. Carstairs. May 25 and 26, 1885; A. W. E. (60, 74). Lat. 55° 41/ 10"; 
Long. 3° 40' 11". In Mr. Monteith's grounds, about 400 yards from the station, 
and about 50 yards from the road leading from the station to the house. Nearly 
the same position as that at which Mr. Welsh observed. 







Declination. 






Date. 


2. 


G.M.T. 


a. 


V 


May 25 


h. m. 

+ 5 55 


h. m. 

JLO 30 


o / 

20 57-6 


o ' 

20 52-2 






Inclination. 






Date. 


s 

Needle. 


G.M.T. 


e. 


O . 


May 26 


1 

2 


h. m. 

9 49 

10 23 


o / 

70 16-4 
70 16-4 


O / 

70 15*7 



Horizontal Force. 



Date. 


G.M.T. 


H. 


H . 


May 25 


D 
V 


h. m. 

19 42 
19 5 


1-6434 

1-6440 


1-6448 
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16. Crianlarich. September 17, 1884; A. W. B. (60, 74). Lat. 56° 23' 25 ; 
Long. 4° 37' 6", Near the inn, aboub 80 yards from the roads to Dalmally and 
Loch Lomond. 

Declination. 




Inclination, 



Needle. 


G.M.T. 


0. 


O . 


' 2 ' 


h. m. 

8 31 

9 8 


/ 

70 54'5 
70 53-1 


O / 

70 52-5 



Horizontal Force, 



G.M.T. 


H. 


D 

f 


JLX OA 


1-5943 
1-5971 




17. Crieff. July 28, 1885 ; A. W. E. and A. P. L. (60, 7i). Lab. 56° 22' 27"; 
Long. 3° 50 / 22". In the grounds of Morrison's Academy, about half-way 
between the school and the gate. 

Declination. 



2ml* 



G.M.T. 



o. 



h. m. 
-h 1 46 



h. til 

14 48 



21 37'6 



a , 



21 33-6 



MDCCCXC. — A. 
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MR. A. W. BOOKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


G.M.T. 


e. 


Q . 


1 

2 


h. m. 

13 36 

14 49 


70 53-4 
70 54-8 


/ 

70 53-6 



Horizontal Force. 



V-4 « JJ'X • JL * 




H 


D 

Y 


h. m. 

Xo t>t) 

Xo xy 


1-6071 
1-6072 


1-6079 



18. Cumbrae. July 24, 1888; T. E. T. (61, 83). Lat. 55° 47' 45"; Long. 
4° 53' 40". Eight yards to the N. of the Monument to the " Shearwater's " 
midshipmen, at the N.E. end of the Island. Mr. Welsh's Station. 

Declination. 



% 


VjT« Jd.« JL » 


& 


Si 


h, m, 
+ 4 19 


h. m. 

17 


21 13-2 


ZX Oi'm \ 



Inclination. 



Needle. 


G.M.T. 


0. 


I/q. 

O / 

71 2-3 1 


1 

2 


■■ ■. 

h. m. 

17 41 

18 


* 

71 1*0 

70 59-7 



Horizontal Force. 



G.M.T. 


XT 

*JLhJL * 


-1 — L-A* 


1 Y. 


h. m. 

17 16 


1-5957 


1-5911 
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19. Dalwhinnie. July 30, 1885. A. W. E. and A. P. L. (60, 74). Lat. 56° 55' 52"; 
Long. 4° 14' 12". About 150 yards from the Hotel; on the opposite side of the 



river. 



Decimation. 




Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

16 9 

17 35 


70 59-7 

71 1-6 


G 1 

71 0-1 



Horizontal Force. 





G.M.T. 


H. 


H„. 


D 

Y 


h. m. 

14 42 

15 49 


1-5901 
1-5902 


1-5909 



20. Dumfries. September 20, 1884 and July 11, 1885. A. W. E. (60, 74). Lat. 
55° 2' 10" ; Long. 3° 35' 30". On Mr, Stott's farm at Lower Netherwood. In a 
field about 100 yards W. of the farm-house ; 39 and 50 paces from the N. and E. 
walls of the field respectively. Nearly the same station as that of Mr. Welsh. 

Declination. 



Do.be. 


2. 


G,M.T. 


a. 


V 


July 11. 


h. m. 

4-4 51 


h. m. 
16 33 


20 51-5 


20 47-4 



p 2 



108 



ME. A. W. RUCKER AND DR. T. E. THORPE ON A MAGNETIC 







Inclination, 


0. 




Date. 


■ 

Needle. 


G.M.T. 


*o- 


Sept. 20. 


1 

2 


h. m. 
12 6 
12 46 


70 4-2 
70 4-5 


o i 

70 2-6 



Horizontal Force. 



Date. 

Sept. 20. 


G.M.T. 


jEl. 


H . 


D 
V 


h. m. 

13 38 

14 19 


1-6524 
1-6514 


1-6542 



21. Dundee. April 9, 1885 ; A. W. R. and T. E. T. (60, 74). Lat. 56° 28' 17" ; Long. 
2° 56'- 58". In the Baxter Park. The tower of Morgan's Hospital N. by "W. ; 
tower of lodge S.W. (100 yards); Park Pavilion N.N.E. (100 yards); Ogilvie 
Church N.W. 





Declination. 




2. 

li. m. 
+ 1 33 


G.M.T. 


S. 


$ Q . 


h. m. 
12 45 


20 51-2 


2°0 44-5 




Inclination. 




Needle. 


G.M.T. 

h m. 

11 56 

12 38 


6. 


e v 


■ 

1 

2 


o / 

70 51-7 
70 54-6 


i 
o i 

70 52-2 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 

V 


li. m. 

11 31 

12 16 


1-5990 
1-5989 


1-6002 
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22. Edinburgh. April 3, 1885 ; A. W, E. and T. E. T. (60, 74). Lat. 55° 57' 52". 
Long. 3° 12' 28". In the Arboretum of the Botanic Gardens. Inverleith House 
N.N.W. 100 yards. Cathedral S. W. by S. Melville College S.S.E. Donaldson's 
Hospital W.S.W. The small magnetic house in the gardens in which Mr. 
Welsh probably observed had been removed. 





Declination. 




2. 


G.M.T. 


b. 


V 


h. m. 
+ 2 14 


h. m. 
13 56 


2°0 53-8 


2°0 47-2 


Inclination. 


Needle. 


G.M.T. 


0. 


o . 


1 

2 
2 


h. m. 

11 57 

12 36 
14 21 


7°0 37 2 
70 39*5 

70 40-8 


O 1 

70 38-5 



Horizontal Force. 



G.M.T. 


TT 
Jtl. 


J± . 


D 

V 


h. m. 
12 22 
12 51 


1-6175 
1-6165 


1-6183 



23. Elgin. July 8, 1885; A. W. R (60, 74). Lat. 57° 38' 40"; Long. 3° 19' 0". 
In the grounds of North College, the residence of G. Smith, Esq., 100 yards 
N.N.E. of the Cathedral Tower and 80 yards E.S.E. of the house. 





Declination. 




2. 


G.M.T. 


a. 


V 


h. m. 
— 1 oo 


h in. 

12 29 


2°L 1-8 


20 57-5 



ijo 



MR. A. W. RtTCKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle, 


G.M.T. 


0. 


% 


1 
2 


h. m. 

14 26 

15 2 


71 32-5 
71 327 


o ' 

71 32-0 

! 

i 

| 
1 



Horizontal Force. 





G.M.T. 


H. 


H . 


D 
V 


XO O 

12 11 


1*5566 
1*5570 


1-5577 



24. Loch Eriboll (Camas Bay). August 23, 1885 ; T. E. T. (60, 74). Lat, 58° 29' 15"; 
Long. 4° 39' 20". Near the stream running into Camas Bay, J mile N.E. 
(magnetic) from the ruin in the bight. 

Declination. 



Jw« 


G.M.T. 


8, 


/ 

22 18*1 


XX* XXX » 

+ 3 31 

+ 4 34 


h. m. 

14 52 


o / 

22 21*7 




Inclination. 




Needle. 


G.M.T. 


0. 

72 9*4 
72 10-3 


6> () . 


' 1 
1 

1 

2 

! 

! 


h. ni, 
11 40 

JLiy XO j 


o / 

72 9*4 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 
V 


h. m. 

13 7 

14 29 


1*5184 
1-5201 


1-5198 

1 
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25. Fairlie. August 14, 1884. A. W. R and T. E. T. (60, 74). Lat. 55° 45' 30"; 
Long, 4° 51' 5". In a field on the high ground to the rear of the village. 

Inclination, 



i 

'Needle. 


V_^ * X* Jl * -I- « 


0. 


<?„. 


1 

2 


li. m, 
16 4 
16*8 


7°0 437 
70 44-2 


O 1 

70 42-8 



Horizontal Force. 



(tM T 


IT 


H . 


D 
Y 


JlJL* XI Jl* 

12 50 

13 56 


1-6150 
1-6143 


1-6172 



26. Fort Augustus. August 3, 1885. A. W. K. and A P. L. (60, 74). Lat. 
57° 8' 30"; Long. 4° 40 / 32". In a field on the south side of the Abbey, and 
about 150 yards from the building. 

Declination. 



s. 



h. m. 

+ 1 37 



V-4 * JJfJLm Ju # 



h, m. 

14 38 



o. 



21 49-4 



B . 



21 45-6 



Inclination. 



Needle. 

1 
2 


\_A • XtJL * jl • 


0. 


fyv 


li. m. 

14 47 

15 51 


7°1 29-4 
71 27*1 


o I 

71 27-7 



Horizontal Force, 



G.M.T. 


JL JL • 


TT 


V 


h. m. 
15 47 


1-5634 


1-5641 
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27. Gairloch. September^ 1884; A. W.B. and T.E.T. (60, 74). Lat. 57° 42' 40"; 
Long. 5° 40' 55." On the rising ground behind the pier in Flowerdale Bay. 

Declination. 



2-t, 



h. m. 
+ 3 23 



G.M.T. 



h. m. 

16 33 



h. 



O I 



22 28*0 



V 



o 



22 14-4 



Inclination. 



JSTeedle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

16 39 

17 36 


h 45*9 
71 45-3 


O 1 

71 44*3 



Horizontal Jb orce. 



G.M.T. 


H. 


H . 


V 


h. m. 
17 37 
17 2 


1*5323 
1*5336 


i.'OuOo 



28. Glasgow. August 13, 1884, and July 27, 1885; A. W. E. (60, 74). 
Lat. 55° 52' 43" ; Long. 4° 17' 39". In a field to the West of the Observatory ; 
48 paces from the building. 

Declination. 



Date. 




G.M.T. 


$. 


*o- 


Aug. 13, 1884 
• July 27, 1885 


h, m. 

+ 3 47 
4- 2 43 


h. m. 
16 53 
15 54 


21 21*3 

21 18*2 


O i 

21 11*5 
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Inclination. 



JL/fltjG. 


]S r eecllc. 


G.M.T. 


0. 


O . 


Aug, IS, 1884 


2 


h. m. 
12 12 
12 18 


70 44-6 
70 48-4 


70 44-7 



Horizontal Force, 



Date. 


V«a * .i-f JL • JL • 


H. 


J± , 


Aug, 13, 1884 


D 

v 


h. m. 

14 17 

15 5 


1-6038 
1-6038 


1-6064 



29, Golspie. July 4, 1885 ; A. W. E, (60, 74). Lat. 57° 58' 20"; LoDg. 3° 58' 15". 
The Dips were taken in a field by the road in front of the Sutherland Arms 
Hotel and about 50 yards to the West of it. The other observations in a field 
behind the Hotel about 80 yards S.W. of some cottages and 50 yards N.'N.W. 
of the Bank. 

Declination. 



s. 


\*a #XtJL» JL # 


S. 


a . 


h. m, 
+ 2 9 
+ 2 39 


\x* jLIX# 

ID OtJ 


21 34«9 
21 35-6 


o / 

21 30-2 


Inclination. 


Needle, 


\*A * XV A * JL # 


0. 


O . 


1 

2 


h. m. 
12 20 
12 55 


71 46*8 
71 47-8 


o / 

71 46-7 



Horizontal Force. 



G.M.T. 


H. 


XIai 


D 

V 


h. m. 
16 37 
16 1 


1-5372 
1-5374 


1-5382 



MBCCCXC— -A. 



Q 
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30. Hawick. March 31 and April 1, 1885; A. W. R. and T. E. T. (60, 74).. 
Lat. 55° 25' 58"; Long. 2° 47' 58" In the Park of Sillerbit Hall (T. Laidlaw, 
Esq,) to the N. of the town. The Hall bears 400 yards E.N.E. and the Lodge 
120 yards S.S.E. 

Declination. 



Date. 


2. ■ 


a.M.T. 


a. 


S . 


March 31 . 
April 1 . . 


h. m. 
+ f 50 


h. m. 

12 43 

13 34 


20 21-5 
20 23-5 


o / 

20 16-0 



Inclination, 



Date. 


Needle. 


G.M.T. 


0. 


<V 


March 31 . 


1 

2 


h. m. 
11 15 
11 54 


70 7-5 
70 9-0 


o / 

70 7-3 



Horizontal Force. 



Date. 


G.M.T. 


H. 


TT 
TT.q. 


March 31 . 


D 
V 


h. m. 

11 14 

12 1 


1-6473 
1-6476 


1-6487 



31. Loch Xnver. September 6, 1884 ; A. W. R. and T. E. T. (60, 74). Lat.. 
58° 9' 30" ; Long. 5° 14' 40". Near the Coast-guard Station, on the bank of 
the River Inver. 





Declination. 




y 


G.M.T, 


S. 


V 


h. m. 

t2 53 


h. m. 
14 2 


O i 

22 21*8 


O / 

22 7-4 
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Inclination. 



Needle. 


G-.M.T. 


e. 


Q . 


1 


h, m. 

12 48 

13 46 


O i 

72 2*6 
72 1*0 


72 0*2 



Horizontal Force, 



G.M.T, 


H. 


H . 


D 

V 

— 


13 14 

13 25 


1*4968 
14965 


1-4990 



32. Inverness. August 1, 1885 ; A. W. R and A. P. L. (60, 74). Lat. 57° 28' 30" ; 
Long. 4° 13' 20" In the garden of Mr. Mitchell's house, near the Castle. 
Mr Welsh's station. 

Declination. 



,_ 


V-4 • JJtJL * JL • 


8. 


f) . 


h, m. 

-f*2 32 


h. m. 

16 18 


O J 

21 47*2 


> 

21 43*3 



Inclination. 



Needle. 


V-^ * -A.YJL » JL • 


0, 


e Q . 


1 
2 


il. IB, 

15 44 

16 45 


O i 

71 30*0 
71 33*2 


o / 

71 31-1 



Horizontal Force. 



G.M.T. 


H, 


n . 


D 

V 


h. m. 

16 56 
15 50 


1-5638 
1*5631 


1*5642 



Q Ju 
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33. Iowa. September 15 and 16, 1884; A. W. E. (60, 74). Lat. 56° 20' 0" ; 
Long. 6° 23' 40". In a field behind the Inn, and about 50 yards from it. 





D 


eclination. 






Date. 


2. 


G.M.T. 


S. 


V 


Sept. 15 . . 


h. m. 

+ 46 


li. m. 

17 4 


2°3 41-0 


23 28-6 




Inclination. 






Date. 


Needle, 


CULT. 


0. 


O . 


Sept. 16 . . 


1 

2 


h. m. 

9 35 

10 10 


7°0 57-1 

70^ 57*5 


/ 

70 55'8 



Horizontal Force. 



Date. 


VJT» •!'-*- » J- « 


H. 


H . 


Sept. 15 . . 


V 


h, m. 

17 47 


1-6162 


' 1-6185 



34. Kirkwall. 
2° 57' 15". 






August 27, 1885 ; T. E. T. (60, 74). Lat. 58° 59' 12"; Long. 
At Battery Point and close to the road. Cathedral tower bearing 
Cairn on Wideford Hill, bearing W.N.W. 





Declination. 




h. m. 

+ 1 46 
-f- 4 31 


G.M.T. 


t). 


a . 


h. m. 

12 19 




o / 

21 29%3 
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Inclination. 



Needle. 


G.M.T. 


e. 


v • 


1 

2 


h. m. 
14 31 
14 59 


h 12-4 

72 13-8 


o / 

72 12-8 



Horizontal Force. 





G.M.T. 


H. 


H . 


D 
V 


* 


h. m. 
15 55 
11 51 


1-5104 
1-5100 


1-5108 



35. Kyle Akin. September 1 1 , 1884; A. W.E. and T.E.T. (60, 74). Lat. 57° 16' 35"; 
Long.. 5° 44' 0". Near the shore ; between the Inn and Kyle House. 





Declination. 




2. 


G.M.T. 


h. 


$ . 


h. m. 

- 2 49 ' 


h. m. 

10 29 


23 23-4 


23 10-4 




Inclination. 




Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

10 15 

11 1 


71 40-9 
71 38-8 


O i 

71 38-5 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 

V 


h. m. 

8 56 

11 21 


1-5432 
1-5452 


1-5465 
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36. Lairg. July 6, 1885; A. W. E. (60, 74). Lat. 58° 1' 30"; Long. 4° 24' 0". 
40 yards S.W. of Church, and about 200 yards N.E. of the Hotel. 





Declination. 




■ 

2. 


G.M.T. 


B. 


3 . 


h. m. 

+ 1 44 


h. m. 

15 56 


21 55-2 


2°1 50-3 




Inclination, 




Needle. 


G.M.T. 


0. 


Oq. 


1 
2 


h, m. 

15 13 

18 5 


71 51-0 
71 50*8 


o / 

71 50*3 



Horizontal Force. 



G.M.T. 


H. 


H . 


V 


h. m. 

17 7 
16 23 


1-5347 


1-5356 



37. Lerwick. August 30, 1885; T. E. T. (60, 74). Lat. 60° 8' 53"; Long. 1° 7' 47". 
Towards the South Ness, £ mile due S. (mag.) from Fort Charlotte. Mr. 
Welsh's station. 

Declination. 



2. 


G.M.T. 


. 8. 


V 


h. m. 

+ 1 53 


h. in. 

12 38 


20 331 


20 29-7 
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Inclination, 



Needle. 


G.M.T. 


0. 


o . 


1 

2 


h. m. 

15 36 

16 3 


72 467 
72 48-1 


o 1 

72 47*1 



Horizontal Force. 



VXiXY-L. -L • 


TT 
XI. 


TT 


D 
V 


h. m. 
14 39 
13 34 


1-4712 
1-4696 


1-4710 



38. Lochgoilhead. July 21, 1888; T. E. T. (61, 83). Lat. 56° 10' 20''; Long. 4° 54' 0". 
In a field about 80 yards N.E. of the Church. Mr. "Welsh's station. 

Declination, 



2. 


G.M.T. 


$. 


V 


h. m. 

+ 4 40 


h. m. 

15 48 
18 6 


2°1 29-2 
21 30-8 


o / 

21 54-2 




Inclination. 




Needle. 


G.M.T. 


0. 


e Q . 


1 

2 


h. m. 

17 32 

17 48 


70 42-4 
70 43-6 


o / 

70 46-1 



Horizontal Force. 



G.M.T. 


TT 

JL JL • 


TT 

±i . 


D 
V 


h. m. 
16 29 
16 4 

■ 


1-6069 
1-6065 


1-6021 
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39. Loch Maddy (N. Uist) ; September 1 and 2, 1884; A. W. R. and T. E. T. 
(60, 74). Lat. 57° 35' 50"; Long. 7° 9' 0". On the most westerly of the Reelee 
Islands. 

Declination. 



Date. 


2. 


G.M.T. 


h. 


V 


Sept. 1 
„ 2 


h. m. 
-3' 14 


h. m. 
18 34 
10 29 


23 31-3 
23 32-3 


1 
23 18-0 



Inclination. 



Date. 


Needle. 


G.M.T. 


0. 


. 


Sept. 1 


2 


h. m. 

18 55 


71 53-3 


71 52*1 



Horizontal Force. 



Date. 


G.M.T. 


H. 

1-5346 
1-5336 


H . 

1-5365 


Sept. 2 
„ 1 


D 
V 


h. m. 
12 26 
19 13 



40a. Oban. August 13, 1885, and July 30, 1888; T. E. T. (60, 61, 83). 
Lat. 56° 25' 9" ; Long. 5° 28' 30". Same station as that of Mr. Welsh. 







Declination. 






Date. 


S. 


G.M.T. 


a. 


Sq. 


Aug. 13, 1885 
July 30, 1888 


h. m. 
+ 3 38 
-1 41 


li. m. 
16 37 

11 20 

12 59 


22 12-0 
21 47-3 
21 45-2 


22 87 
22 10-2 
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Inclination. 



Date. 


Needle. 


G.M.T. 


0. 


. 


July 30 


1 

2 


h. m. 

12 43 

13 7 


70 50-7 
70 49-5 


o / 

70 53-2 



Horizontal Force. 



Date. 


g.m.t. 


H. 


H . 


July 30 


D 
Y 


h. m. 
12 24 
11 38 


1*6090 
1-6091 


1-6044 



40b. — Oban (Kerrera). August 26, 1884, and August 6, 1885. A. W. R and 

T. E. T. (60, 74). Lat. 56° 25' 20"; Long. 5° 30' 0*. Near the shore of 

Ardentraive Bay. 

Declination. 




Inclination. 



Date. 


Needle. 


G.M.T. 


e. 


• 
O . 


Aug. 26, 1884 
„ 6, 1885 


1 
2 
1 
2 


h. m. 

15 18 
15 47 

13 14 

14 11 


o / 

70 50-5 
70 51-8 
70 49-1 
70 48-3 


p / 
70 49-5 

70 48-2 . 



Horizontal Force. 



Date. 


g.m:t. 


H. 


H . 


Aug. 26, 1884 
„ 6, 1885 


d 

Y 
D 
Y 


h. m. 
17 30 
16 44 
13 30 
12 13 


1-6066 
1-6071 
1-6110 
1-6105 


1-6092 
1-6114 



MDCCCXO. — A, 



R 
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41. Pitlochrie, July 29, 1885 ; A. VV. R and A. P. L. (60, 74). Lat. 56° 42' 7" ; 
Long. 3° 43' 26". In the grounds of the Hydropathic Establishment, about 
100 yards S.S.W. of the building ; near the lower road through the grounds. 





Declination. 




2. 


G.M.T. 


h. 


B Q . 


h. m. 

+ 39 


h. m. 
16 35 


O i 

21 12*2 


O i 

21 8-3 


Inclination. 


Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

17 55 
16 58 


O < 

70 58-7 
70 57-1 


O i 

70 57*4 



Horizontal Force, 



\^A • J-tJL • JL e 


JLJL • 


H . 


D 

v 


h. m. 
17 10 
16 11 


1*5891 
1-5891 


1*5899 



42. Port Askaig (May). August 25, 1884 ; A. W. K and T. E. T. (60, 74), 
Lat. 55° 50' 40"; Long. 6° 6' 55". Between the Inn and the Quay. 





Declination, 




s. 


G.M.T. 


3. 


V 


h. m. 

-2 44 


h. m. 

10 18 


23° 13*7 


23 0*7 


Inclination. 


Needle. 

1 

2 


G.M.T. 


e. 


O . 


h. m. 
12 23 

12 22 


70 37*9 
70 38*1 


O i 

. 70 36-2 
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Horizontal Force. 



V-^*JljJL* -L * 


JL-JL* 


JLJLa» 


D 

y 


h. m. 

10 38 


1*6313 
1 6319 


1-6340 



43. Portree. T. E. T. (61, 83). 

(a) August 9, 1888 ; Lat. 57° 24' 35", Long. 6° 11' 40". On the N. shore of the 

bay. Boat-house 20° W. 

(b) August 9 and 10, 1888. Lat. 57° 24' 10", Long. 6° 11' 5". On the S. side 

of the bay, on a rock close to the shore. Portree Landing Stage 12° W. of 
N. (mag.). School-house 35° W. of N. Station (a) 22° E. of N. 

(c) August 10, 1888. Lat. 57° 24' 15", Long. 6° 11' 50". On the edge of 

the bay ; S. of the town, and within a dozen yards of the shore. Station (b) 
bearing 100° E. t)f N. ; School-house 2° E. of N. ; Station (a) bearing 57° E. 
of N. (approx.) ; St. Columbas Church steeple 24° E. of N. 



Declination. 



Date. 


s. 


GLM.T. 


S, 


a . 


Aug. 9 (a) 
» 9 (b) 
„ 10 (b) 
„ 10 ( C ) 


h. m, 

-2 30 
+ 4 24 
~2 42 
4" 1 12 


h. m. 

10 26 
15 50 

11 25 
13 24 


24 37-6 
22 21-6 
22 22-7 
19 50'8 


o / 

22 42-3 



Inclination. 



Date. 



Aug. 9 (a) 
„ 10(6) 
„ 10 (c) 



Needle. 



1 
■2 

1 

2 
1 

2 



G.M.T. 



h. m. 

13 2 
JLo Zi 

10 34 
10 51 

14 31 
14 56 



0. 



72 163 
72 147 
71 5-9 

71 5-5 

72 33'9 
72 33-6 



e . 



O I 



/ Jj X,' Ji 



ii 2 
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Horizontal Jvorce, 



Date, 


G.M.T. 


XX, 


TT 

JLJL a* 






h. m. 




Aug. 9. 


D 


(a) 12 9 


1*5223 


1*5177 




Y 


(a) 11 10 


1-5226 


mm JL V/« 


D 


0) 12 38 


1*5265 


roflii 




y 


(c) 13 10 


1-5252 





y 


(6) 15 36 


1-5906 


1-5859 


„ 10. 


Y 


(5) 11 16 


1-5941 


1-5894 



ISTote. — The ground at Portree was known to "be extremely bad as there is much basaltic rock in the 
neighbourhood. The observations were made with a view of gaining information as to the magnitude 
of the disturbing forces. 



44. Eow (Gairloch). July 23, 1888; T. E. T. (61, 83). Lat. 56° 1' 0"; Long. 
4° 46' 50''. Near the shore of the loch ; Pier end bears due W. (mag.) ; 
Roseneath House 37° W. of S. ; and Roseneath Point 17° W. of S. (mag.). 

Declination. 



2 


G.M.T. 


8, 




h. no. 

-2 23 

+ 1 16 . 


h. m. 

10 24 
12 

±0 lu 


2°L 24-4 
21 22-6 
21 24-0 


o / 

21 47*7 



Inclination. 



Needle. 


G.M.T. 


e. 


*o- 


1 


h. m. 

12 28 
12 52 


70 48-4 
70 47'5 


O 1 

70 51-0 



Horizontal Force. 



\*A • JAjL « JL • 


K. 


TT 

JLJLrt* 


D 

Y 


h. rau 

XX Ol 

10 53 


1*6025 
1-6023 


1*5978 
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45. Scarnish (Tiree). August 8 and 10, 1885 ; A. W. R. and A. P. L. (60, 74). Lat. 
56° 30' 12"; Long. 6° 47' 20". Dips about 15 yards in front of Hotel. Declina- 
tions : Station I. 30 yards W.S. W. of Inn. Station II. Inn bears S.W. by S. 
(200 yards) ; Harbour Mouth bears S. Station III. Inn bears S.W. by S. (250 
yards). On returning to Oban, when a comparison could be made with Green- 
wich time, the rate of the chronometer was found to have altered suddenly during 
the visit to Tiree. The difference between the values of the declinations obtained 
at Stations I. and II. on the 8 th and 10th is probably due to this fact. 

Declination. 



_Uati6. 



Aug. 8 (1) 
10 (1) 
10 (3) 



5) 

J5 



8 (2) 
10 (2) 



J*m* • 



\^a • XVJL ft JL • 



h. m. 
- 1 43 

-2 49 
+ 5 57 

+ 3 27 
+ 4 13 



li. m. 

11 36 
9 24 

17 

18 5L 
16 34 
16 30 



8. 



24 49-8 

24 51-8 

24 52-4 

24 50-0 

23 52-1 

23 54*9 



Inclination. 



Horizontal Force. 



Bq. 



24 46-9 
24 47*3 
23 49-6 



Date. 


Needle. 


G.M.T. 


0. 


O . 


Aug. 8 


1 

2 


h. in. 

11 43 

12 50 


7°1 20-0 
71 19-9 


Q / 

71 19-4 



Date. 

Aug. 8 


G.M.T. 


H. 


XI A. 


I) 

y 


h. m. 
13 6 
12 9 


1-5898 
1-5907 


1-5909 



46. Soa (Skye). August 29, 1884 ; A. W. R. and T. E. T. (60, 74). Lat. 57° 9' 45" ; 
Long. 6° 10' 12". On the N.E. point; about 300 yards E. of the anchorage, 
and near the Ru Mhoil Dearg. 

Declination. 



s. 


\*A • JhYx. • JL « 


6. 


£>n. 


h. m. 
-4 41 


h. m. 

8 38 


23 28-3 


23 14-9 
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Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 

2- 


h. m. 

8 48 

9 81 


72 0-4 
72 1-5 


/ 

71 59-6 



Horizontal Force. 



G.M.T. 


H. 


H 


D 

y 


h. m. 

10 16 

9 21 


1-5051 
1-5045 


1*5072 



47. Stirling. July 10, 1885; A. W. R. (60, 74). Lat. 56° 7' 2"; Long. 
3° 56' 55". In the King's Park; In the centre of the plain to the S, of the 
Castle. 

Declination. 



2, 


G.M.T. 


B. 


$ . 


XX t- XXX • 

4" 1 42 


h. m. 
14 53 


21 33-0 


2°1 28-6 



Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 

2 


li. m. 

15 54 

16 26 


70 537 
70 541 


/ 

70 53'3 



Horizontal Force. 



G.M.T. 


xl. 

1-5938 
1-5935 


H . 


D 
V 


11* Jill* 

17 11 

14 32 


1-5945 
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48a. Stornoway (Ard Point). September 4 and 5, 1884, and August 19, 1885, 
A. W. K and T. E. T. (60, 74); and August 14, 1888, T. E. T. (61, 83), 
A. W. K. (60, 74). Lat. 58° 12' 10"; Long. 6° 23' 40" On the top of the 
hillock on the Point. The Declinations taken on this spot agreed well with that 
obtained in the Castle Grounds, and were therefore regarded as normal. In 
1888, simultaneous observations were made by both of us, which agree among 
themselves but differ considerably from each other. Dr. Thorpe occupied the 
old station near the top of the hillock, Professor Kucker was about 50 yards 
distant on lower ground and nearer the mainland. There can be little doubt 
that the station is disturbed. 

Declination. 



Date. 



Sept. 4, 1884 
5 

Aug. 19, 1885 
„ 14, 1888 



2. 



h. m. 



- 2 
-1 

-1 



11 

52 



+ 3 24 
— 1 45 



4-3 23 



G.M.T. 



h. 


m. 


10 


54 


11 


3 


14 


7 


11 


2 


12 


28 


15 


15 


11 


8 


12 


37 



15 15 



a. 



o 

24 
24 
24 
23 



T^ 21 
[23 
T24 

R< 24 
[24 



• 


/ 


21-0 


20-2 


12*4 


507 


48*4 


50-7 


87 


7-9 


8-3 



a . 



24 9-8 

24 9-5 

24 13*9 

24 32.3 



Inclination. 



Date. 


Needle. 


G.M.T. 


a 


#0* 


Aug. 14, 1888 


1 

2 


h. m. 
13 5 
13 31 


72 8-4 
72 8-5 


o / 

72 10-5 



| ... -p .. 1 ! , y , m im i i i i *m 

Horizontal lorce. 



Tiff riniii'T*— ' i iwiinml i i n « • i i 1 1 i i i — *•*-■« 

Date. 


xjC • JtxL * JL • 


Jul. 


•tin* 


Aug. 19, 1885 
Aug. 14, 1888 


D 
y 

V" 
I) 

Y 
D 

y 


h. m. 

16 44 
15 13 

17 42 
12 1 

11 25 

12 

11 20 


1*5197 

1-5210 
1-5191 
1-5205 
1-5242 \ ^ 
1-5243 J ** 

1-5218/ l 


1-5210 
1-5205 
1-5195 
1-5173 
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48b. Stornoway. September 4, 1884, A, W. R. and T. E. T. (60, 74); Lat. 58° 12' 40"; 

Long. 6° 23' 35". In the Castle Grounds. 

Declination, 



^tr\ 


\,^| « JJ? JL, # ~i. * 


• 8. 


B , 


h. m, 

+ 2 32 


14 20 


24 18'4 


24 7*6 



Inclination. 



Needle. 


G.M.T. 


e. 


. 


2 


11 • XXI # 

13 21 

12 54 


72 9*4 
72 11-0 


/ 

72 9'1 ' 



Horizontal Force. 



g.m.t. 


H. 


XXq, 


D 
y 


li. m. 
13 5 

13 44 
13. 59 


1-15119 
1*5124 
1-5122 


1-5145 
1-5147 



49. Strachur. August 16 and 17, 1884 ; A, W. R. and T. E. T. (60, 74). 
Lat. 56° 10' 20" ; Lonff, 5° 4/ 40". On the lawn in front of Strachur House. 

Declination, 



Date. 




G.M.T, 


0. 


B . 


Ang-. 17 


XX • jjx * 

— 4 4 


h» m. 

8 59 


22 l'-5 


2°1 48*9 



Inclination* 



Date, 


Needle. 


v-4 * jly x, » .x* # 


e. 


• 

e . . 


Aug. 16 


1 

2 


h. m. 
12 17 
12 19 


70 44-4 
70 44*9 


o / 

70 42*9 
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Horizontal Force. 



Date. 


G.M.T. 


H. 


i± . 


Aug. 16 


D 

V 


h. m. 

15 38 

16 19 


1*6068 
1-6073 


1-6095 



50. Stranraer. September 18, 1884; A. W. R. (60, 74); and August 28, 1888; 
A. W. K. (60, 83), and T. E. T. (61, 83). Lat. 54° 54' 25"; Long. 5° 2' 10". 
In a field 300 yards N.W. by W. of Schuehan Church. The same position was 
occupied on both occasions. Near Mr. Welsh's station, 

Decimation. 



Date. 


.2. 


V-^ • jLYJL t J~ • 


B. 


A)- 


Sept. 18, 1884 
Aug. 28, 1888 


h. m. 

f 2 7 

- 1 30 

- 2 10 


h. m. 
16 14 
11 35 
10 54 
13 6 


21 46-2 
21 13-7 
21 12«5 
21 13-0 


21 35-0 
21 37-6 T 

21 36-6 R 



Inclination. 



Date. 


Needle. 


G.M.T. 





Q 


Sept. 18, 1884 
Aug. 28, 1888 


1 

2 
1 

2. 


h. m. 

-*- \J JL. 

15 37 

11 16 

12 43 


70 14-6 
70 13-7 
70 11-7 
70 10-5 


o / 

70 12-3 
70 14-8 



Horizontal Force, 



Date. 



Sept. 18, 1884 
Aug. 28, 1888 



MDCCCXC— A. 



D 
V 
D 

V 
D 
V 



G.M.T. 



h. m. 
17 25 
16 39 
11 50 

11 21 

12 37 
12 3 



H. 



1-6421 
1-6426 
1-6466 
1-6471 
1-6473 
1-6473 



R 

T 



H 



o- 



1-6446 
1-6420 
1-6425 



S 
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51. Stromstess (Orkneys). August 25, 1885; T. E. T. (60, 74). Lat. 58° 57' 30"; 
Long. 3° 17' 12". 60 yards S.E. from the door of the house on Holm of Stromness. 

Declination. 



2. 


G.M.T. 


S. 


8 Q . 


h. m. 

+ 1 9 


h. m. 
L2 29 


2°1 31-5 


21 27*9 



Inclination. 



Needle. 


G.M.T. 


0. 


e Q . 


1 

2 


h. m. 
15 1 

14 28 


72 12-3 
72 11-9 


o / 

72 117 



Horizontal Force. 



G.M.T. 


H. 


H . 


V 

i 

1 

i 


h. m. 
12 8 


1-5143 


1-5149 



52. E. LochTakbert (LochFyne). August 19 and 20, 1884; A. W. E. andT. E. T. 
(60, 74). Lat. 55° 51' 56" ; Long. 5° 24' 25". At the back of the town, near the 
Castle. 

Declination. 



Date. 


2. 


G.M.T. 


B. 




Aug. 19 
„ 20 


h. id. 

+ 5 43 
-3 20 


h. m. 

18 50 
9 46 


22 14-4 
22 19-3 


o t 

22 4*3 
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Inclination. 






Date. 


Needle. 


G.M.T. 


e. 


Q . 


Aug. '20 


1 
2 


h. m. 

10 2 
10 26 


70 47-8 
70 49-5 


O 1 

70 46-8 



Horizontal Force. 



Date. 


G.M.T. 


H. 


H . 


Aug. 20 


D 
V 


h. ID. 

1 1 OO 
JLJL OO 

10 22 


1-6027 
1-6031 


1-6053 



53. Thurso. July 3, 1885 ; A. W. E. (60, 74). Lat. 58° 35' 30" ; Long. 3° 31' 15" ; 
On the green by the right bank of the river, about 30 yards above the bridge. 
The station occupied by Mr. Welsh had been built over. 





Declination. 




2. 


G.M.T. 


h. 


a. 


h. m. 
- 1 44 


h. m, 
11 11 


21 43-5 


2°1 38*4 




Inclination. 




Needle. 


G.M.T. 

h. m. 

13 7 
13 43 


e. 


*o- 


1 

■ 2 


72 2 : 9 
72 0-6 


o / 

72 1-1 



Horizontal Force, 



G.M.T. 


H. 


H . 


D 
V 


h. m. 
14 38 
11 54 


1-5208 


1-5217 



s 2 
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54. Wick. July 2, 1885 ; A. W. R. (60, 74). Lat. 58° 26' 20" ; Long. 3° 5' 45" 
On the lawn in front of Rosebank. Same station as that of Mr. Welsh. 





JJeclvn 


,ation. 




2. 


G.M.T. 


h. 


a . 


h. m. 

-2 52 


h. m. 
11 6 


21 20-4 


21 15-3 




Inclination. 




Needle. 


\A § XYi » JL. • 


0. 


^ 


2 


11. JLJt JL • 

13 25 

14 


72 10-1 
72 10-7 


o / 

72 9'8 



Horizontal Force. 



\Jk # ,4JCJL • JL • 


TT 

■J 1L« 


TT 

XJ-n* 


Y 


h. m. 
11 DO 

10 44 


1-5139 
1*5131 


1-5144 
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Descriptions oe English Stations. 



55. Aberystwith. May 18, 1886; A. W. B. (60,74). Lat. 52° 23' 51"; Long. 
4° 5' 13", About a mile to the South of the town, between the Biver Ystwith 
and the sea, near the point marked Pen-y-ro on the Ordnance map. 

Declination. 



2. 


G.M.T. 


a. 


j ^0- 


h. m. 

-1 19 


IX • XXX < 

11 19 

13 42 


19 54-6 
19 51-7 


:0 / 

19 56-5 



Inclination. 



Needle. 


G.M.T. 


0. 

o / 

68 34*4 
68 33-9 


Q . 


1 

2 


h. in. 

38 2 
13 4 


o / 

68 34-7 



Horizontal Force. 



VJT. xYJL. JL « 


JLJL. • 


Jl-I r* • 


y 

V 


h. m. 

12 16 
12 34 


1-7508 
1-7485 


1-7500 

1-7477 



56. Alderney. April 3 and 4, 1888; T. E. T. (61, 83). Lat. 49° 43' 10"; 
Long. 2° 11' 0". In the N.E. corner of the garden of Scott's Hotel; about 
70 yards from the house. 

Declination. 



Date. 


2. 


VjT tJbXJL* J- * 


a. 


a . 


April 3 


h. m. 

+ 1 54 

« * 

-j- 4 27 
-4 2 


XX* XXX • 

IJj t/U 

15 9 

16 48 

■7 54 


o / 

17 46-1 
17 46-5 
17 45-1 
17 49*3 


6 / 

18 2-8 
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Inclination. 



Date. 


Needle. 


G.M.T. 


0, 


O . 


April 3 


1 

2 


h. m. 

16 1 
16 23 


o / 

66 35-2 
66 33-7 


o / 

66 38-9 



Horizontal Force. 



Date. 


\a • XVJL t JL t 


Xl. 


H . 


April 3 


D 
V 

V 


h. m. 

14 45 
13 41 

15 21 


1-8755 

1-8756 
1*8719 
1-8735 


1-8705 
1-8677 



57. Alnwick. September 16, 1886. A. W. K Lat. 55° 25' 19"; Long. 1° 43' 53". 
In the Deer Park ; on the N. side of the drive, and about one-third of a mile from 
the reservoir. Alnwick Church S.E. by E. Castle E. by S. 





Declination. 




2. 


V_4 * JLYJL • JL • 


S. 


B Q . 


h. m. 

- 1 7 


h. m. 
11 26 


19 39-4 


19 45-0 




Inclination. 




Needle. 


G.M.T. 


0. 


o . 


1 

2 


h. m. 

13 1 
13 32 


70 2 ! 1 
70 3-3 


o / 

70 3-6 



Horizontal Force. 



* 


G.M.T. 


TT 
XI, 


H , 


p 

V 


h. m. 
14 20 
11 50 


1-6529 
1-6526 


1-6511 
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58. Alresford. April 28, 1888 ; A. W. R. (60, 74). Lat. 51° 4' 46" ; Long. 1° 9' 56 ,/ . 

On Tichborne Down. 

Declination, 



2. 


G.M.T. 


8. 


B . 


h. m. 

•f 2 39 
3 45 


h. m. 
13 16 
16 19-5 


17 52-8 
17 53-2 


O I 

18 9-7 



Inclination. 



Needle. 


G.M.T. 


0. 


*o- 


1 

2 


li. m. 

15 26 

16 2 


67 17-8 
67 19*0 


o / 

67 22-3 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 
V 


h. m. 
14 42 
14 2 


1-8292 
1-8293 


1-8241 



59. Appleby. September 15, 1886; A. W. R. (60, 74). Lat. 54° 34' 10"; Long. 
2° 29' 3". On the Holme, a common close to the Eden, to the S. of the town. 





Declination. 




2. 


G.M.T. 


8. 


8 . 


h. m. 
-1 1 

+2 7 


h. m. 
11 47 
13 51 


20 1-5 

19 59-0 


O 1 

20 5-8 




Inclination. 




Needle. 


G.M,T. 


0. 


e Q . 


1 
2 


h. m. 

12 46 

13 15 


69 43-7 
69 44-1 


69 44-9 
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Horizontal Force, 



G.M.T. 


H. 


H . 


V 


li. m. 
12 2 


1-6706 


1-6690 



60. Barrow. August 25, 1886; A. W. B. (60, 74). Lat. 54° 7' 24"; Long. 3° 13' 0". 
In a field about 200 yards W. from the road which leads to Barrow from Furness 
Abbey. About 1\ miles from the Abbey on the brow of the hill above Barrow. 

Declination, 



2. 


G.M.T. 


h. 


S Q . 


h. m. 
+ 2 15 
+ 5 18 


h. m. 
14 52 
17 5 


20 4-6 
20 2-9 


o / 

20 9-3 



Inclination, 



Needle. 


G.M.T. 


0. 


Q . 


1 

2 


h. m. 

i 16 3 

16 32 


69 29-5 
69 29-7 


o / 

69 30-6 



Horizontal Force, 



G.M.T. 


H. 


±i . 


D 
V 


h. m. 
17 59 
15 13 


1-6886 

1*6892 


1-6875 



61. Bedford. April 21, 1888 ; T. E. T. (61, 83). Lat. 52° 8 / 3"; Long. 0° 26' 51". 
On a road on the Bower estate, half-a-mile to the E. of the town-bridge, and 
about 80 yards from the river. 

Declination, 



\ 2. 


X^a * XV JL * JL • 


& 


a . 


: h, m. 
j - 1 24 


li. m. 
9 51 


18 10*9 


18 27-4 
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Inclination. 



• 

Needle. 


G.M.T. 


0. 

68 4 : 4 
68 3-3 


i 
o / 

68 7-3 


1 
2 


h. m. 
11 13 
11 30 



Horizontal Force. 



G.M.T. 


H. 

1-7756 


H . 


V 


h. m. 

10 8 


1*7705 



62. Birkenhead. August 23, 1886; A. W. R (60, 74). Lat. 53° 24' 4"; 
Long. 3° 4' 18". 1st station, 130 yards S. of Observatory ; 2nd station, 100 yards 
S. of Observatory. 

Declination. 



2. 


G.M.T. 


S. 


\. 


h. m. 
- 1 1 

+ 52 


li. « XXJl* 

(1) 12 23 

(2) 17 32 


19 54*8 
j.y t) u \- 


o / 

19 58-3 



Inclination. 



Needle. 


\*A • X*-l~» _l_ ♦, 


0. 

O / 

69 4*0 
69 2-6 


Q . 


1 

2 


li. in. 

15 '67 

16 4 


o / 

69 4-3 



Hoi 



"izontal Force 



* 


G.M.T. 




H. 


H . 


D 

Y 


h. 
13 


m. 
29 
50 


1-7188 
1-7192 


1*7176 



MDCCCXC. — A. 



T 
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63. Birmingham. May 7, 1886 ; A. W. K (60, 74). Lat. 52° 27' 37 // ; Long. 1° 53' 40". 
In Calthorpe Park, at the S. end. About 50 yards from the East, and 200 yards 
from the South railings. 

Declination. 



s. 


G.M.T. 


& 


B Q . 


h. m. 

- 1 14 

+ 2 44 


h. in. 
11 15 
14 29 


18 42-1 
18 397 


1 

18 44-0 




Inclination. 




i 

Needle. 


G.M.T. 

h. m. 

13 24 
13 55 


0. 

68 21-3 

68 201 


. 


1 

2 


I 

68 21-3 



Horizontal Force. 





G.M.T. 


H. 


H . 


D 
Y 




h. m. 
12 22 
11 37 


17672 

17683 


17669 



64. Braintree. September 22, 1888; T. E. T. (61, 83). Lat. 51° 52' 41"; Long. 
0° 32' 40" E. In a field to the W. of the Church, distant 400 yards ; 400 yards 
N. of the Railway to Dunmow. 





Decimation. 




• 2. 


G.M.T. 


a. 


£ . 


h. m. 

+ 3 34 


h. ra. 

15 5J 


17 36-4 


17 55-4 
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Inclination. 




Needle. 


\^a * jl* jl t jl • 


e. 


% 


1 

2 


h. m. 

17 16 
17- 32 


67 41-8 
67 40-8 


o / 

67 45-4 



Horizontal Force. 



a.M.T. 


H. 


IT 
XXa. 


! 
1 

D 

Y 


h. m. 
16 40 
16 15 


1-8005 
1-7999 


1-7942 



65. Brecon. May 26, 1886 ; A. W. K. (60, 74). Lat. 51° 56' 56" ; Long. 3° 24' 42". 
In the fields (Newton Port) to the W. of the town, and close to the river. Church 
in centre of town S.E. by E. About f of a mile E. by N. of Castle Hotel. 





Declination. 




All • 


G.M.T. 


<\ 


'V 


h. m. 

+ 4 42 


h. m. 
17 b0 


19 35-1 


19 38*6 




Inclination. 




Needle. 


G.M.T. 

h. m. 
19 12 


6, 


e . 


2 


68 15«1 


68 15-8 



Horizontal Force. 





G.M.T. 


H. 


H 

XI. {) . 


I) 

Y 


h. m. 

18 28 
17 51 


.1-7710 
1-7710 


1-7701 



T 2 
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66. Bote Haven. T, E. T. (61, 83). 

(a) April 11 and 15, 1887; Lat. 50° 49' 34"; Long. 4° 32' 37". On the upper 

walk of the kitchen garden of the Falcon Hotel, and on the W. front of the 
house. 

(b) April 12, 1887; Lat. 50° 49' 42"; Long. 4° 32' 54". On Efford Down near 

the Compass Tower, which bore 75° W. of N. (mag.). Belfry of Efford 
House 10° E, of S. (mag.). Entrance lock to Bude Canal 68° E. of N. (mag.). 

Declination. 




Inclination. 



Date. 



April 11 



5? 



12 



Needle. 



1 

2 
1 

2 



G-.M.T. 



h. m. 

15 58 
14 31 

13 46 

14 16 



0. 



67 44-8 
67 40-2 
67 41-8 
67 41-1 



e . 



O l 



67 44-2 



Horizontal Force. 



Date. 


G.M.T. 


H. 


t 

i 

! 
i _ _ 


April 11 


D 

V 
D 

V 


h. m. 
12 14 

11 47 

12 2 
11 36 


1-8126 
1-8100 
1-8103 
1-8104 


1-8085 
1-8075 
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67. Cambbidge. T. E. T. (61, 83). 

May 18, 1886; Lat. 52° 11' 40"; Long. 0° 7' 17" E. In the lane off the 

Trumpington Road, past the Botanic Gardens, and on the right hand side. 
May 19 and, 20, 1886 ; Lat. 52° 11' 23" ; Long. 0° T 16" E. In the Leys School 
Grounds. 

Declination. 



JL/0)ti6. 


S. 


V_J • JLYJL • -JL • 


C. 


Sq. 




h. m. 


h. m. 


O 1 


O 1 


May 18. 


-j- U Jo 








19 


9 • 


11 47 


18 2-1 






• • 


15 35 


18 0-5 


18 5-0 


„ 20. 


-1 51 


10 34 


18 2-1 

■ 





Inclination. 



Date. 


Needle. 


G.M.T. 


e. 


. 


May 18. 


1 

2 


h. m. 

16 39 

17 11 


68 1-8 
68 1-9 


o / 

68 2-4 

1 



Horizontal Force. 



Date. 


G.M.T. 


H. 


XT 

Jd . 


May 19. 
„ 20. 


D 
Y 
Y 


h. m. 

12 37 
11 11 

10 58 


1-7799 
1*7786 
1-7797 
1-7790 


1-7784 
1-7785 



68. Cardiff. May 25, 1886 ; A. W. R (60, 74). Lat. 51° 29' 36"; Long. 3° 10' 33". 
In a field W. of the town, on Crwys Farm. House E.N.E., about 80 yards 
distant ; gate of barracks, 200 yards N. by W. 

Declination. 



^r~\ 


V*A • JLYJL * JL. • 


S. 


1 


ll. HI. 

+ 3 
+ 4 33 


h. m. 

16 1 

17 5 


19 16-6 
19 159 


o / 

19 197 
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Inclination. 



Needle. 


G.M.T. 


0. 


0Q. 


1 
2 


h. m. 

17 38 

18 3 


67 52-8 
67 50*5 


o t 

67 52-3 



Horizontal Force. 



- 
VJT • JjuL • JL « 


H. 


XT 

n . 


V 


h. m. 
16 22 


. 1*7953 


1*7944 



69. Cardigan. May 29, 1886 ; A. W. R (60, 74). Lat. 52° 5' 20" ; Long. 4° 40' 9". 
In a field about half a mile to the west of the town. 





Declination. 




2. 


GLM.T. 


a. 


a . 


h. m. 


il. 1H. o / 

12 15 | 20 22-2 


20 25*8 


Inclination. 


Needle. 


\A . XT J~ . JL. » 


0. 


0<v 


1 

2 




h. m. 

13 6- 
11 43 


68 30-3 
68 31-0 


i 
o i 

68 31-3 



Horizontal Force. 



G.M.T. 


BL 


H . 


V 


13 47 


1-7514 


1-7535 
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70. Carlisle. August 28, 1886; A. W. K (60, 74). Lat, 54° 53' 55"; Long. 
2° 55' 40". On the Swifts, about 100 yards from the footpath on the S. side, 
and 250 yards E. by S. of the Grand Stand. Cathedral bore W.S.W. \ S. 

Declination. 



s. 


G.M.T. 


a. 


V 


h. m. 

-0 4] 
+ 1 30 


h. m. 
12 1 
14 41 


20 20-5 
20 19-8 


o / 

20 25*8 



Inclination. 



Needle. 


G.M.T. 


0. 


*o- 


1 

2 


h. m. 

13 17 

14 14 


69 52 : 1 
69.54-0 


o / 

69 54-0 



Horizontal Force. 



G.M.T. 


H. 


H . 


V 


h. m. 
12 25 


1-6640 


1-6625 



71. Chesterfield. September 14 and 15, 1887 ; A. W. R. (60, 74). Lat. 53° 14' 3" ; 
Long. 1° 24' 37" In a field on Mr. Penistone's farm to the N. of the main 
road. Church bearing W.N.W. about a mile distant. Cemetery S.W. by W. 
about half a mile. 





Declination. 






Date. 


2. 


G.M.T. 


B. 


V 


Sept. 15 


h. m. 
- 2 36 
-2 10 


h. m. 

10 19 

• • 


19 0-3 
18 59-8 


o < ' 

19 11-9 

, .i 1. 1 -■■■... * 
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Inclination. 






Date. 


Needle. 


G.M.T. 


0, 


Q . 


Sept. 14 


1 

2 


h. m. 

11 40 

12 10 


68 47-1 
68 44-5 


O 1 

68 48*5 



Horizontal Force. 



Date. 


G-.M.T. 


H. 


H . 


Sept. 14 


D 
V 


h. m. 
14 16 
13 26 


1-7383 
1*7393 


1*7351 



72. Chichester. September 18, 1888; T. E. T. (61, 83). Lat. 50° 50 ; 0" ; 
Long. 0° 47' 2". In the meadows between the Cathedral and the Railway 
Station ; close to the ditch. Railway Station bearing S.E. Cathedral tower 
N.E., distant a quarter of a mile. 





Declination. 




* ! 


G.M.T. 


i 

| 


B Q> 


h. m. S 
- 52 i 


h. m. 
11 32 


17 46*6 ! 


18 5 ! 5 




Inclination. 




Needle. 


\*a * JufJL • JL * 


6. 


Q . 


1 

2 


h. m. 
13 27 
13 43 


67 1-6 
67 7*0 


67 11-6 



Horizontal Force, 



G.M.T. 


JL—A. a 


H . 


D 

V 

i 


. 


h. m. 
12 36 

11 54 


1-8456 
1-8455 


1*8395 

i 
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73. Clenchwarton. August 2, 1888 ; A. W. E, (60, 74). Lat. 52° 45' 20"; Long. 
0° 21' 20" E. In the grounds of a house on the road from Kings Lynn to 
Sutton Bridge. Not quite 3 miles from King's Lynn. 

Declination. 



2. 



h. m. 

-0 29 



G.M.T. 



h. m. 
11 58 




17 51-4 



Inclination. 



Needle. 


a.M.T. 


0. 


0Q. 

68 17-9 


1 


h. m. 

13 45 


68 14-3 



Horizontal Force. 



G.M.T. 


H. 


H . 


1 h. m. 

D ! 12 49 
V : 12 16 


1-7722 
1-7717 


1-7662 



74. Clifton. April 22, 1886 ; T. E. T. (61, 74). Lat. 51° 27' 15"; Long. 2° 37' 4". 
On the Down; on the N. side of the Stoke road, about 60 yards from it, and 
about \ mile from the Clifton Cricket Club Pavilion. Steeple of Christ Church 
Congregational Chapel bearing E. Pumping station S.E. about 150 yards. 





-A, 




2. 

li. m. 
+ 15 


Declination. 

i 
G.M.T. ! h. 

i 

j 


■ 




h. m. 

11 56 


o 

19 8-6 


19 10- 7 


MDCCCXC,- 




u 
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Inclination. 



Needle, 


G.M.T. 


(9. 


e Q . 


1 

2 


h. m. 

13 12 

13 47 


67 48-9 
67 47-6 


o / 

67 48-7 



Horizontal Force. 



G.M.T. 


1-8001 
1-8006 


H . 


D 
V 


h. m. 

14 49 
11 30 


1-7996 



75. Clovelly. April 16, 1887; T. E. T. (61, 83). Lat. 50° 59' 48"; Long. 
4° 23' 50". To the W. of the village ; between it and Clovelly Court. 





Declination. 




2. 


G.M.T. 


a. 


o I 

19 53-8 


h. m. 

-0 33 
+ 34 


h. m. 
12 9 
15 45 


19 44-2 
19 45-5 




Inclination. 




Needle. 


G.M.T. 


0. 


% 


1 

2 


h. m, 
14 23 

14 57 


61 47 : 8 
67 47-6 


O / 

67 49-9 



Horizontal Force. 



G.M.T. 


H. 


! 

H . 

1-8000 


V 


h. m. 

11 27 

12 44 


1-8027 
1-8030 
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76. Coalville. April 30, 1888; T. E. T. (61, 83). Lat. 52° 43' 41"; Long. 
1° 21' 18". In a field about 100 yards E. of Coalville Station (L. and N.W. 
Railway), and E. of town. 

Decimation. 



2. 


G.M.T. 

li. m. 

14 28 


8. 


So. 
18 41 : 4 


h. m. 

+ I 26 


18 24-6 




Inclination. 




Needle. 


G.M.T. 


e. 


. 


1 

2 


h. m. 

11 58 

12 17 


68 20 ! 3 
68 20*6 


o / 

68 24-1 




Horizontal Force. 




GJ 


l.T. 


H. 


H . 


y 


h. m. 

13 1 

14 15 


1-7583 

1-7587 


1-7534 



77. Colchester. September 24, 1888; T. E. T. (61, 83). Lat. 51° 53' 30"; 

Long. 0° 54' 0" E. In the Castle grounds ; to the S. of the main tower, distant 

20 yards. 

Declination. 



2. 


G.M.T. 


h. 


B . 

o , 

17 55-2 


h. m. 
- 1 13 
+ 1 18 


h. m. 
10 52 
12 52 


17 36-2 
17 36-2 



Needle. 



i 
2 



Inclination. 



G.M.T. 



h. m. 
11 21 
11 37 



0. 



a*y oi.o 

67 31-1 



u 2 



00. 



O I 

67 35-3 
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Horizontal Force. 





G.M.T. 




1) 

V 

. . . 






h. m. 
12 28 
12 2 



H. 



1-8078 
1-8066 



H . . 



1-8012 



78. Oeomer. May 10-, 1886 ; T. E. T. (61, 83). Lafc. 52° 55' 20" ; Long. 1° 18' 24" E. 
In a field S.S.W. of the Lighthouse ; Railway Station about three-quarters of a 
mile away hearing W. ; town bearing N. W. by N. 

Declination. 



V 


G.M.T. 


17 327 


i 

! 


h. m. 
+ 10 


li. m. 

13 21 


1 

1°7 35*8 ! 

i 

i 




Inclination. 




Needle. 


G.M.T. 

h. m. 
14 26 
14 53 


0. 


00- 


1 
2 


68 19-6 
68 19*2 


o / 

68 20-0 ; 




Horizontal Force. 




GJ 


I.T. 


H. 


H. 


Y. 


li. m. 
13 40 


17611 


17603 



79. Dover. September 28, 1887; T. E. T. (61, 83). Lat. 51° 6' 53"; 
Long. 1° 17' 52" E. In the Public Recreation Ground, near Archcliff Fort; 
between, the town and Shakespeare Cliff. End of Dover Breakwater 63° E. of 
S. (mag.) ; .Flagstaff on Shakespeare Cliff 65° W. of S. (mag.). 

Declination. 



2Li* 


G.M.T. 


<> 

c. 




ll. ID, 

- i 58 
+ 56 


h. m. 
10 20 


16 44-1 
16 46-2 


o ' * 

16 57'2 
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Inclination. 



Needle. 


\^a • JLtJL » -1L * 


0. 


e , 

i 


1 

2 


h. m. 
11 15 
11 31 


67 5-8 
67 47 


o / 

67 8-0 



Horizontal lorce. 



V-J • XVJL • .JL • 


H. H . 


V 


h. m. 
11 59 
10 34 


L'OOi i \ -i .QOQ(\ 

1-8372 | l fc " 5rfb 

i 

i 
i 



80. Falmouth. April 8, 1887 ; T. E. T. (61, 83). Lat. 50° 8' 47" ; Long. 5° 4' 21". 

.At. the Observatory. 





Declination. 




2*. 

h, m. 

— 1 51 

+ 2 39 


G.M.T. 

h. m. 
11 10 
15 42 


IS 


B . 


19 43*3 
19 45-8 


o I 

19 53-4 




Inclination. 




Needle. 


G.M.T. 


e. 


O . 


1 

2 


h. m. 
14 31 
13 45 


61 12-3 
67 13-1 


o y 

67 15*0 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 

TT 

V 


h. m. 
11 59 
11 35 


1-8354 

1 O O A O 

x oo<±o 


1-8323 
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81. Gainsborough. September 19, 1887; A. W. E. (60, 74). Lat. 53° 23' 23"; 
Long. 0° 44' 51". In a field to the W. of the Upton Koad, and about 1 mile S. 
(mag.) of the town. 

Declination. 



s. 


G.M.T. 

h. m. 
16 16 


a. 


c . 


li. m. 
+ 3 56 


18 24-5 


18 36*4 




Inclination. 




Needle. 


G.M.T. 

li. m. 

17 53 

18 12 


0. 


. 


1 

2 


68 46*4 
68 46-7 


o t 

68 49*3 



Horizontal Force. 





\-A • -JXL • JL • 


H. 

1-7362 
1-7356 


TT 


D 
V 


h. m. 
17 14 
16 31 


1*7321 



82. Giggleswick. September 14, 1886; A. W. R. (60, 74). Lat. 54° 4' 18" ; 
Long. 2° 17' 48". In the cricket field of Giggleswick School, 150 yards N.W. 
of the Pavilion, and near the W. end of the field. 

Declination. 



2. 


G.M.T. 


8. 


a . 


b. m. 
4-1 33 
43 16 


h. m. 
12 2 
15 8 


19 31*2 

19 29*8 


o / 

19 35*3 
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Inclination. 



Needle. 


G.M.T. 


0. 


0Q. 


1 

2 


h. m. 

10 59 

11 19 


69 21*4 
69 21-0 


o i 

69 22-3 



Horizontal Force, 



\-]r*-*xj-* -*- * 


H. 


H . 


D 

y 


h. m. 
13 16 
12 37 


1-6976 
1-6979 


1-6962 



83. Gloucester. May 24, 1886; A. W. R. (60, 74). Lat. 51° 52' 12"; Long. 2° 14' 50". 
In the fields to the E. of the town, ab( |it 300 yards E. by N. of Alexandra 
Terrace ; Cathedral bearing W. [ 





JJeclinatu 'p. 

hi " 




2L>, 


\~a * JLYJL # Ju » 


fa. 


B . 


h. m. 
+ 1 VI 

+ 3 26 


h. m. 

16 4 


3 1 9-4 

1 I 9-7 


O J 

19 12*9 




Inclinatic \. 




Needle. 


\^A » ■XjJu • JL * 


1' 
ft 


0Q. 


1 

. 2 


h. m. 

13 46 

14 19 


( 1 4-5 

i | 2*8 

i 

ti : , . 


O / 

68 4-3 



Horizontal 1 Wee, 



\J% » Jxi. * JL ♦ 


D 


h. m. ^ 
15 1 
12 46 




i. D AJ 



MR. A. W. RUCKER AND DR. T. E. THORPE ON A MAGNETIC 



84. Grantham. May 22, 1886 ; T. E. T. (61, 83). Lat. 52° 54' 54" ; Long. 0° 37' 46" 
W. In a field to the E. of the town, and across the river. The Church bore 
about S,W. ; distant 400 yards. 

Declination. 



2. 


G.M.T. 


! 


h. m. 

+ 1 36 


h. m. 
13 13 


18 25-6 j 18 29-0 j 

j j 



Inclination. 



Needle. 


G.M.T. 


e. 


0q. 


1 

2 


h. m. 

14 9 

14 30 


68 26-6 

68 28-3 


o / 

68 28-0 



Horizontal Force. 



\A • XVX. » JL # 


Xl. 


TT 

XJ.Q, 


V 


h. m. 
12 56 


1-7536 


1-7527 



85 and 86. Guernsey. T. E. T. (61, 83). 

85. I/Em&e. Lat, 49° 27' 50"; Long. 2° 35' 40" Fifty yards due S. of L'Eree 

Hotel, and about 15 yards from the road to Roquaine Castle. 

86. Peter Port. Lat. 49° 27' 45"; Long. 2° 31/ 45". In the Gardens behind 

the Royal Hotel, and about 60 yards from the house. 





Declination. 








Date. 


2. G.M.T. 




a. 




April 2 . , . 
4 

I 


h. m. h. m. 

+ 2 32 14 22 
4- 2 43 ; 14 19 


18 
18 


1613 
2-3 


■ 

18 327 

18 18-4 
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Inclination. 



Dale. 


Needle. 

1 

•2 
1 

2 


G.M.T. 


e. 


O . 


April 2 . . . 
4 


h. m. 
13 2 

JiO oo 

16 2 
16 17 


66 28-9 
66 30-3 
66 29-0 
66 26-8 


o / 

66 34-1 
66 32-4 



Horizontal Force. 



Date. 




G.M.T. 


TX 


Ho. 


April 2 . . . 
„ 4 . 


D 
V 
D 
V 


h. ■ m. 
15 20 

14 10 

15 28 
14 37 


1-8798 
1-8795 
1-8843 
1-8849 


1-8746 
1-8796 



87. Harwich. May 8, 1886; T. E. T. (61, 83). Lat, 51° 56' 48"; Long. 1° 17' 5" E. 
In a field to the W. of the town ; Harwich Church bearing E. by N. ; Great 
Eastern Hotel, N.E., and Railway Station, E.S.E. 

Declination. 



2. 


G.M.T. 


a. 


S . 


h. in. 
- 1 10 


h. in. 

11 38 
13 41 


17 15-5 
17 16-0 


o / 

17 18-8 



Inclination. 



Needle. 


G.M.T. 


0. 


Q . 


1 

2 


h. m. 

12 30 

13 6 


67 37 ! 
67 38-7 


/ 

67 38-4 



HDCCCXC, — A, 



Horizontal Force. 



G.M.T. 


H. 


XT 

M . 


V 


h. m. 
14 17 
11 13 


1-8040 
1-8039 


1-8031 



3k 
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88. Harpenden. October 5 and 6, 1887, and May 1, 1888; T. E. T. (61, 83). 
Lat. 51° 47' 27" ; Long. 0° 21' 15". 1st Station. At the N. end of the Common ; 
200 yards S. of the Railway Hotel, and W. of the Railway Station. 2nd 
Station. In Dr. Gilbert's garden. To the W. of the lower Common. 



Declination. 



Date. 


JLi, 


vX* JJvJL • JL • 


a. 


c . 


May 1, 1888 


h. m. 
+ 5 13 


h. m. 
14 33 


17 59-6 


18 16-5 



Inclination, 



Date, 


Needle. 

1 

2 
1 

2 


G.M.T. 


0. 


O . 


Oct. 6 5 1887 
May 1, 1888 


h. m. 
16 13 

16 32 

18 7 

17 48 


67 53-4 
67 48-4 
67 48-2 
67 47-6 


/ 

67 53-5 
67 51*4 



Horizontal Force. 



Date. 


G.M.T. 


H. 


i± . 


Oct. 5, 1887 
May 1, 1888 


D 

V 
V 
V 


h. in. 
15 36 
15 13 

14 50 

15 6 


1-7961 1 
1-7970/ 

1-7971 
1*7960 


1-7926 

1-7920 
1-7909 



89. Haslemere. September 30, 1887; T.E.T.(61, 83). Lat. 51° 6' 4"; Long. 0°44' 40". 
On the tennis-lawn of Professor Williamson's house, High Pitfold, and about 
50 yards S. of it. About 600 feet above sea level. 





Declination. 




s 


G.M.T. 


a. 


a . 


h. m, 
— 1 6 


h. m. 
11 12 


17 55-6 


18 7-7 
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Inclination. 



Needle. 


G.M.T. 


0. 


Oq. 


1 


h. m. 

12 57 


67 17*8 


6°7 20-6 



Horizontal Force. 



\J\ * XV J * JL # 


H. 


H . 


D 
V 




h. m. 
12 17 

11 46 


1-8321 
1*8819 


1-8282 



90. 



Holyhead. May 4, 1887 ; T. E. T. (61, 83). Lat. 53° 17' 53" ; Long. 4° 38' 22". 
On the road to Porth Dafarch, 20 yards from the roadside, and about a mile from 
the Kail way Station which bore 50° E. of N. ; Monument on Black Bridge, 55 c 
E. of N. ; Spire of New Church, 30° E. of N. ; Windmill, 80° E. of N. ; 
Summit of Holyhead Mountain, 30° W. of N» 



Declination, 



2. 


G.M.T. 


0. 


h . 


h. m. 

"~™* JL O i. 

Hh 1 42 
+ 20 


Ii. m. 

10 50 
13 42 


20 40-3 
20 41-8 


O I 

20 51-1 



Inclination. 



Needle. 


G.M.T. 


0. 


O . 


2 


h. m. 

12 46 

13 10 


69 22-2 
69 20-1 


o / 

Dm iO i 



Horizontal Force, 



i 


G.M.T. 


H. 


trjr- 

3d . 


D 

V 


j li. m. 
| 11 50 
j 11 11 

i 
i 


1-6988 
1*6986 


1-6958 



j\. £i 
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91. Horsham. April 21, 1888 ; A. W. K. (60, 74). Lat. 51° 4' 16" ; Long. 0° 21' 54". 
In a field on the N. W. side of Barber's Green, 1^ miles W. of Horsham. 



Declination. 



>ssw. 


G.M.T. 


8. 


£q. 


h. m. 

+ 44 
+ 3 16 

+ 54 


h. m. 
13 14 
15 37 
17 26 


17 47-0 
17 47-3 
17 46-1 


o / 

18 3*3 



Inclination. 



Needle. 


G.MT. 


0. 


0Q. 


1 

2 


h. in. 
16 17 
16 39 


67 11-6 
67 1T4 


o / 

67 15-2 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 
V 


h. m. 

14 44 
13 34 


1-8358 
1-8363 


1-8309 



92. Hull. Sept. 16 and 17, 1887;. A. W. R (60, 74). Lat. 53° 44' 40" ; Long. 
0° 22' 5". In the Botanic Gardens. 



Declination. 



Date. 


2. 


G.M.T. 


B. 


V 


Sept. 16 . 
17 


h. m. 
+ 5 38 
-3 3 


h. m. 

18 1 
9 20 


18 457 
18 46-2 


o / 

18 57-8 
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Inclination. 



Date. 


Feedle. 


G.M.T. 


0. 


6 Q . 


Sept. 16 . . 


1 

2 


h. m. 
16 1 

16 44 


69 1-8 
69 1-3 


o / 

69 3-9 



Horizontal Force. 



JL/cJ/C©. 


* 

G.M.T. 


H. 


H . 


Sept. 16 . . 


V 


h. m. 

17 18 


1-7163 


17125 



93. Ilfracombe. April 25, 1886 ; T. E. T. (61, 83). Lat. 51° 12' 38" ; Long. 4° 7' 36". 
In a field near the Torr s Walk, between the town and the sea. Parish Church, 
bearing S. by E. (^ mile). Ilfracombe Hotel, E. by N. 

Declination. 



2. 


G.M.T. 

h. m. 
11 12 

13 48 




s . 


h. m. 
- 1 32 
+ 1 51 


h. m. 
19 45-5 
19 43*3 


O I 

19 46-5 



Inclination, 



Needle. 


G.M.T. 


0. 


e . 


1 


h. m. 
13 15 


67 533 


67 53-8 



Horizontal Force. 



\Js • JLYJL • JL * 


H. 


H . 


D 

Y 


h. m. 

14 48 
11 33 


1-7962 

1*7957 


1-7952 
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94, 95, 96. Jersey. T. E. T. (61, 83). 

94. Grouville, Lat. 49° 12' 5" ; Long. 2° 1' 20". In the eastern ditch of the 
Fort. Railway Station bore about W. 

95. S. Louis. Lat. 49° 12' 0"; Long. 2° 5' 40". 

96. S. Owen. Lat. 49° 13' 30"; Long. 2° 12' 5". Within 300 yards of the 

shore, on the flat ground near the Maree. Corhiere Lighthouse, 40° W. of S. 
(mag.). 

Declination. 



Date. 


2. 


G.M.T. 


8. 

18 19-9 
18 19-9 

17 34-4 

XI fj^j \j 

18 7-6 
18 9-7 


V 


Grouville March 30 
S. Louis „ 31 
S. Owen April 1 


h. m. 

+ 1 19 
+ 2 20 
+ 1 20 

+ 2*21 

• • 


h. m. 

13 16 

14 24 

12 12 

13 56 

X£i O 1 

Xo X 


/ 

18 36-0 

17 49-7 

18 24*7 



Inclination. 



Date. 


Needle. 


G.M.T. 


0. 


O . 


Grouville March 31 
S. Louis ., 31 
S. Owen April 1 


2 
1 

2 
1 

2 


h. m. 
9 49 
9 9 

X^ t>/W 

15 
14 4 
14 20 


66 3-4 
66 5*1 
66 7'S 
66 9*2 
66 9-8 
66 12-2 


o i 

66 8*7 
66 13-0 
66 15*5 



Ho) izon ta I Force. 



Date. 


G.M.T. 


H. 




Grouville March 30 
S. Louis ,, 31 
S. Owen April 1 


D 

D 

V 

D 
y 


h. m. 
X£> Xo 

14 7 
13 6 

12 28 

13 28 
12 51 

- 


1-90991 
1-9106 f 
1-89381 
1-8934 / 
1-8952 1 
1-8955/ 


1-8887 
1-8904 
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97. Kenilworth. April 16, 1888; T. E. T. (61, 83). Lat. 52° 20' 51"; Long. 
1° 34' 43". In a field near the Abbey Hotel, 60 yards from the road ; Castle 
bearing 65° W. of N., and S. Nicholas' Church steeple 24° W. of N. (all 
magnetic). 

Decimation. 



s. 


vx # iyjL • x . 


3. 


S Q . 


h. m. 
-1 23 
+ 1 16 


h. m. 
11 9 

13 42 


/ 

18 45-2 

18 44-8 


J 

19 1-4 



Inclination. 



Needle. 


Q.M.T. 


0. 


Q . 


1 

2 


h. m. 

12 47 

13 5 


o / 

68 24-1 
68 26-2 


o / 

68 28-8 



Horizontal Force. 



G.M.T. 


H. 


H 

xx . 


D 

V 


h. m. 
12 4 

11 28 


1-7628 
1-7624 


1-7576 



98. Kettering. May 1, 1888; T. E. T. (61, 83). Lat. 52° 23' 44"; Long. 
0° 44' 10". In the second field past the Railway Arch, W. of the Church, 
and 70 yards from the Northampton Road. 

Declination, 



>£-<• 


G.M.T. 


a. 


V 


h. m. 

-2 37 


h. m. 

9 40 


18 19-1 


18 36-0 
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Inclination. 



Needle. 


G.M.T. 


0. 


e . 


1 

2 


10 56 

11 12 


68 77 
68 6-3 


O 1 

68 107 



Horizontal Force. 



G.M.T. 


H. 

17707 


IT 
£1 . 


V 


h. m. 
10 


17656 



99. Kew. Lat. 51° 28' 6"; Long. 0° 18' 45". In the Magnetic House at the 
Observatory. 

Declination. 



Date. 


Observer. 


Instrument. 


I 
G.M.T. 


h. 


S . 


July 17, 1884 .... 


T. 


60 


h. m. 
16 9 


18 237 


18 15 : 8 


18 


R. 


60 


11 59 


18 21*9 


18 14-0 


April 2, 1886 . . . ' . 


T. 


61 


17 14 


18 11-0 


18 12-5 


September 30, 1887 . . 


R. 


60 


JLZ oo 


18 3-4 


18 14-0 








15 38 


18 5-1 


18 15 7 


October 11, 1887 . . . 


T. 


61 


12 11 


18 3-9 


18 13-8 








15 33 


18 4-0 


18 13-9 


19 


R. 


60 


12 14 


18 4-8 


18 147 








14 21 


18 4-3 


18 14*2 


13 


T. 


61 


10 33 


18 5-3 


18 15*2 








15 30 


18 4-6 


18 14-5 


11 -L^> J? 


T. 


61 


10 47 


18 4-L 


18 14*0 








14 56 


18 2-6 


18 12-5 


10 

?5 -*-«-? J? 


R. 


60 


11 9 


18 4-8 


18 147 








16 1 


18 67 


18 16-6 


Mean . . 


18 14-4 



It will be observed that the differences between these results are not exactly in 
accord with those which would be deduced from the table on p. 58. 

This is. due to the fact that in the above table the observations have been treated 
as though Kew were an ordinary station, whereas, on p. 58, the corrections have been 
applied in the most accurate way. 

In the first place, no attempt is made on p. 58 to reduce the observations to epoeh> 
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whereas in the above table they are reduced by the mean coefficient of secular change 
at Kew (6'']) during the period of the survey, together with a mean correction for 
monthly variation. 

In the next place in the reduction on p. 58, no distinction was made between the 
diurnal variation and disturbance, the total divergence from the mean being read 
off directly. The corrections applied in the above table were obtained by reading 
off the disturbances only and afterwards adding the value of the diurnal variation. 

The differences are a little larger than we should have expected, but this is 
probably due to the fact that, as the corrections were wanted quickly, the constants 
of the curves were only determined provisionally. 

That the accuracy attained was practically sufficient is proved by a comparison of 
the numbers in the above table with those on p. 58. 

The mean difference between our results and those given by curves treated as 
accurately as possible is ±0'*81, while the mean difference between the numbers 
given above and their mean is ± 0'*83. 

The Kew value for January, 1886, is 18° 16'*3 ? and ours, from the above table 
when reduced to the Kew instrument by adding the mean difference, is 18° 14 /- 4 + 2'*5 
= 18°16'-9. 

If from each of our uncorrected observations given on p. 58, we subtract the 
difference between the corresponding Kew value and 18° 16'*3, we reduce to 
January, 1886, by one operation, in which no distinction is made between disturbance 
and the diurnal, monthly, and secular variations. The largest of the numbers so 
obtained is 18° 16'-1, and the smallest 18° 11''9, while the largest and smallest in 
the above table are 18° 16''6 and 18° 12''5. Thus, not only are the mean results 
obtained by the two methods in close accord, but the range of variation of the results 
is in each case practically identical ; in other words, they agree to within the limits 
of the error of experiment. 

Horizontal Force. 



Date. 


Observer. 


Instrument. 


II. 


H . 


July 17, 1884 


R. 


60 


1*8075 


1-8100 


April 2, 1886 


T. 


61 


1-8082 


1-8078 


o 
jj ^j jj 


It. 


60 


1-8098 


1-8094 


,, didty j, ..... 


R. 


60 


1-8101 


1-8096 


September 30, 1887 . . . 


R. 


60 


1-8112 


1-8082 


October 11, 1887 .... 


T. 


61 


1-8114 


1-8084 


19 

J J XAi 1 J J * • 


R. 


60 


1-8115 


1*8085 


19 


T. 


61 


1*8114 


] -8084 


1Q 

„ J-Oji jj .... 


T. 


61 


1*8123 


1*8092 


1 8 

JJ XO, j, .... 


T. 


61 


1-8125 


1-8094 


19 

JJ x « / » 5J .... 


R. 


60 


1-8125 


1*8094 


« 


Mean . . . 


1-8089 



MDCCCXC, — A. 



Y 
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Inclination. 






Date, 


Needle. 


Observer. 


Dip Circle. 

74 


G.M.T. 


0. 


% 


July 17, 1884 . . 


1 


XV. 


h. m. 
15 38 


67 36*0 


67 34-8 


18 


1 


m 

JL • 


74 


12 9 


67 35-7 


67 34-5 




2 


-JL * 


74 


12 38 


67 36-0 


67 34-8 


19 


1 


"O 

xv. 


74 


12 12 


67 36-7 


67 35-5 




2 


Jtv. 


74 


12 47 


67 36-1 


67 34-9 


September 30, 1887 


1 


XV. 


74 


16 43 


67 35-4 


67 36-8 




2 


XV. 


74 


17 10 


67 34-2 


67 35-6 


October 11, 1887 . 


1 


m 

JL * 


83 


14 33 


67 34-2 


67 35-6 




. 2 


JL * 


83 


15 7 


67 35-4 


67 36*8 


1^ 

,, x«J, ,, , 


1 


JL •' 


83 


14 27 


67 35-0 


67 36-4 




2 


T. 


83 


IS 


67 35-0 


67 364 


18 


1 


T. 


83 


13 52 


67 34-2 


67 35-6 




2 


T. 


83 


14 28 


67 34-3 


67 35-7 


19 


1 


XV. 


74 


13 38 


67 35-3 


67 367 




2 


R. 


• 74 


14 2 


67 34-5 


67 35-9 


Mean . . 


67 35-8 



In the following Table the values for January 1, 1886, deduced above from the survey 
instruments, are given in Column I. In Column II. are the mean differences between 
the survey and Kew instruments (see p. 58), and hence in Column III. the Kew 
(calculated) values are deduced. In Column IV. are the published elements for that 
epoch ('Roy. Soc. Proe./ vol. 41, 1887, p. 416), the Decimation being corrected for 
diurnal variation. 



I 


II. 


III. 


' IF. 


18° 14H 

1-8089 
67° 35'-8 


- 0-0029 
-f 2'-7 


18° 16'-9 

1-8060 
67° 38'-5 


18° 16'-3 

V8093 

07° 37'-4 



The agreement between Columns III. and IV. is satisfactory in the cases of the 
Declination and Dip. In that of the Horizontal Force the actual value in January, 
1886, seems to have been rather high. As a good deal will hereafter be said about 
the relative values of, the elements at Kew and Greenwich, and as we have not 
compared our instruments with those at Greenwich, it has been thought better to 
treat both these observatories in the same way, and therefore to use the numbers in 
Column IV. as the Kew values. 
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100. King's Lynn. 

(a) May 20, 1886 ; T. E. T. (61, 83). Lai 52° 45' 43"; Long. 0° 24' 30" E. 
In a field to the E. of the town ; S. Nicholas' Church half-a-mile away, 
bearing W.S.W. ; Waterworks, S.W., quarter of a mile away. 

(6) August 2, 1888 ; A. W. K (60, 74). Lat. 52° 45' 20"; Long. 0° 26' 0" E. 
In a field on the S. side of the road from Gaywood to Gayton Road 
Station. About half a mile from the village of Gaywood. 

Declination, 



Date. 



May 20, 1886 
(Gaywood) Aug. 2, 1888 






+'5 12 
+3 26 



v** •JuLi.* J- * 



h. m, 
16 14 
15 47- 



h. 



17 54-5 
17 42-8 



a . 



17 579 

18 1-7 



Inclination. 



Date. 


Needle. 


G.M.T. 


0. 


O . 


May 20, 1886 
Aug. 2, 1888 


2 


h. m. 
17 15 
16 39 


68 17-3 
68 13-2 


68 17*8 
68 16-8 



Horizontal Force. 



Date. 


G.M.T. 


Jo.. 


XT 


May 20, 1886 
Aug. 2, 1888 


Y 

V 


h. m, 

15 51 

16 5 


1*7664 
1*7703 


1*7656 
1*7646 



101. King's Sutton. April 14, 1888; T. E. T. (61, 83). Lat. 52° r 9*; Long. 1° 16' 19" 
In a field 25 yards E. of the road to Aynho, and parallel to the Great Western 
line ; King s Sutton Church bearing 35° W. of N., and distant 300 yards. 





.Declination, 




' 2. 


g:m.t. 


S. 


?0: ,.-. 


4-1 27 


h. TO. 

13 45 


18 35*4 


18 51*8 



Y 2 
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Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

15 35 

16 1 


68 2*6 
68 2*4 


1 

68 6-4 



Horizontal Force. 



G.M.T. 


jl-s. * 


H . 


D 


h. m. 
14 55 
14 23 


17825 
• 17832 


17778 



102. Lampeter. May 31, 1886 ; A. W. K (60, 74). Lat. 52° 6' 38" ; Long. 4° 4' 36", 
In a field to the S. of the town. Church bearing a little to the W. of N. 
Distance from the Church, about two-thirds of that between it and the river ; 
250 yards from the nearest point of a bend in the river. 





Declination. 




™— 


G.M.T. 


a. 


8 Q . 


h. m. 

•"■"* 1 QQ 


XX* JlI4>* 

11 2 


AC Ul I 


19 55-3 


■» 


Inclination. 




Needle. 


G.M.T, 


0. 

68 24-6 
68 25-1 


0Q, 


1 


h. m. 
12 34 

12 59 


o / 

68 25-5 



Horizontal Force. 



G.M.T. 


H. 


XT 

±i . 


T) 


It* XXX* 

1 3 38 
11 26 


17569 
17567 


17559 
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103. Leeds. September 22 and 24, 1886; A. W. R. (60, 74). Lat. 53° 50' 58"; 
Long. 1° 35' 3". In the centre of a field behind St. Helen's, the residence of 
O. Eddison, Esq., at Ad el. The Dip observations were repeated in the same 
position on December 31, 1888. 

Declination. 



Date. 


2. 


G.M.T. 


B. 


a . 


Sept. 22, 1886 


h. m. 

+ 42 


h. m. 

16 88 


o t 

19 3-9 


19 8*9 



Inclination. 



Date. 


Needle. 


G.M.T. 


0. 

O 1 

69 10-7 
69 8-8 
69 7-5 
69 6-3 


O . 


Sept. 24, 1886 
Dee. 31, 1888 


1 

2 
1 
2 


h. m. 

9 58 
10 21 

10 57 

11 30 


o / 

69 10-8 
69 11-4 



Horizontal Force. 



Date. 


G.M.T. 


H. 


H . 


Sept. 22, 1886 


V 


h. m. 
16 51 


1-7098 


1-7082 



104. Leicester. June 19, 1886 ; T. E. T. (61, 83). Lat. 52° 37' 38" ; Long. 1° 6' 41". 
Twenty yards E. of Evington Road ; Evington, 1^ mile away, bearing S.E. 
Railway Station (Midland) § of a mile away, bearing N. 



Declination. 



2. 


G.M.T. 


b. 


B Q . 


h. m. 

+ 1 57 


h. m. 
13 4 

16 42 


18 18-0 
18 21-0 


/ 

18 23-6 
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Inclination. 



Needle. 


G.M.T. 


6. 


% 


1 

2 


h. m. 

15 48 

16 16 


68 23-0 
68 23-5 


o / 

68 24'0 



Horizontal Force. 



\«fl • JJiJL • J- e 


JUL, 


JjLq. 


D 
Y 


li. m. 
14 46 
13 42 


1-7548 


1-7538 



105. Lincoln. April 26, 1888 ; T. E. T. (61, 83). Lat. 53° 12' 27"; Long. 0° 31/ 14 
On the South Common, S. of the Cathedral, and about 60 yards from the road. 



// 





Declination. 




2. 


G.M.T. 


B. 


a . 


h. m. 

+ 3 39 


h. m. 
15 35 


18 2-2 


18 18-9 




Inclination. 




Needle. 


G.M.T. 


0. 


Q . 


1 
2 


h. m. 

16 43 
16 57 


68 40-3 

63 38-3 


O V 

68 43 



Horizontal Force. 



vX.lVJL t, X. • 


H. 


TT 

±i . 


V 


AA* J>A.l « 

16 


1-7446 


1-7395 
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106. Llandudno. May 14, 1886 ; A. W. B. (60,74). Lat. 53° 19' 5"; Long. 3° 50' 23". 
Near the Beach to the W. of the Town, steeple bearing E. by N. In a little Bay 
about 300 yards S. of the road round Great Orme's Head. 





Declh 


icttion. 




2u, 


G.M.T. 


a. 


Bq. 


k. m. 

-2 45 
+ 1 37 


k. in. 

9 1 
14 2 


20 49 ! 5 
20 46-9 


O i 

20 51-5 


... 


Inclination. 




Needle. 


\*n • -*-»H. * JL • 


6>. 


. 


1 

2 


h. m. 

12 36 

13 8 


69 12-5 

69 10*4 


o 1 

69 12-0 



Horizontal Force. 



G.M.T. 


JLX. 


JO A. 


D 


li. m. 
11 15 
10 29 


1-7087 
1-7098 


1-7084 



107. Llangollen. May 10, 1886; A.W. K (60, 74). Lat. 52° 58' 23"; Long. 3° 10' 13". 
On a hillock in a field on the N. of the town, near the road which runs parallel to 
the canal, and through which the footpath to Castle Dinas Bran passes. Llan- 
gollen Church bearing S. Bridge over Canal S. by E. (80 yards distant). 
Castle Dinas Bran N.E. by N. 

Declination. 



2. 


G.M.T. 


a. 


■V 


k» m. 
- 1 30 


k. m. 
11 15 


20 5-3 


20 8 : 4 
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Inclination. 



"Beetle. 


G.M.T. 


0. 


0Q. 


1 

2 


h. m. 

XiJ 0*7 

14 9 


68 50-5 
68 47-3 


68 49-4 



Horizontal Jborce. 



G.T.M. 


II. 

1-7338 
1-7340 


H . 
1-7331 


' h. m. 
D 12 40 
Y I 11 51 



108. Llanidloes, May 19, 1886; A. W. K. (60, 74). Lat. 52° 56' 57"; Long. 



3 d 32' 20". In the garden of the Inn. 



Declination. 



Jw« 


G.M.T. 


3. 


8 . 


h. m. 

— - u ol 

+ 2 21 


h. m. 

9 57 

14 53 


19 52-2 

19 48'7 


o / 

19 53-8 



Inclination. 



Needle. 



G.M.T. 



h, m. 

7 3 




Horizontal Force. 



G.M.T. 


H. 


H . 


D 

V 


h. m. 
17 56 
15 13 


1-7504 
1-7515 


1-7501 
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109. Loughborough April 30, 1888 ; T. E. T. (61, 83). Lat. 52° 46' 37" ; 
Long. 1° 13' 3". In a field to the N. of the London and North- Western Railway 
Station, distant 100 yards. 

Declination. 



s. 


G.M.T. 


S. 


B Q . 


h. m. 

- 2 22 


h. m. 
10 3 


18 2-4 


18 187 



Inclination. 



Needle. 


G.M.T. 


0. 


Oq. 


1 


h. m. 
10 47 


68 24-0 


68 277 



Horizontal Force, 



G.M.T. 


H. 


H . 


V 


h. m. 
10 16 


17582 


17531 



110. Lowestoft. May 9, 1886; T. E. T. (61, 83). 'Lat. 52° 27' 54"; Long. 
1° 43' 56" E. In a field W.S.W. of the town I| mile away. S. Johns Church, 
S. Lowestoft bore E.N.E. Kirkley Old Church, E. by S. ; Cemetery, half a 
mile away, S.E. by E. 

Declination, 



■2. 


G.M.T, 


a. 


^o- 


h. m. 
-1 13 

+ 2 2 


h. m, 
11 3 
13 34 


17 2U4 

17 20*5 


o / 

17 24-0 

i 



MDCCCXC, — A, 



Inclination. 



Needle, 


G.M.T. 


0. 


O . 


1 

2 


h. m. 
12 21 
12 53 


o 

68 00-0 
67 597 


O i 

68 00-4 



Za 
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Horizontal Force. 



G.M.T. 


±1, 


TJ 


V 


h. m. 

14 28 
11 22 


1-7804 
1-7806 


1-7797 



111. Mablethorpe. May 23, 1886; T. E. T. (61, 83). Lat. 53° 20' 20"; Long. 
0° 15' 41" E. In a field 60 yards from the Victoria Road, and 400 yards S. of 
the " Book in Hand " Hotel. Flagstaff of coastguard station bearing N.E. (mag.). 
Convalescent Home bearing S.E. by S. (mag.). Railway Station bearing N.W. 



(mag.). 



Decimation, 



2. 


G.M.T. 


d. 


6q. 


h. m. 
-1 20 


h. m. 
11 
13 53 


18 13-5 

18 12-7 


o / 

18 16-5 



Inclination. 



Needle. 



1 

2 



G.M.T. 



h. m. 

12 59 

13 28 



6>. 



68 42-0 
68 42-5 



0, 



o- 



68 42-7 



Horizontal Force. 



G.M.T. 


H. 


D 
V 


h. m. 
12 5 
11 20 


1-7381 
1-7378 
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112. Malvern. A. W. R (60, 74). 

(a) Colwall Green, May 22, 1886; Lat. 52° 4' 0" ; Long. 2° 21' 40". About 

250 yards S. of the bridge over the railway, in the space between two roads 
which bifurcate about 100 yards away. 

(b) Great Malvern, May 21, 1886 ; Lat. 52° 6' 22" ; Long. 2° 18' 10". At the 

west end of Barnard's Green, about 20 yards S. of the south side of a 
triangle formed by three roads ; near a pond. 

(c) Malvern Wells, May 22, 1886; Lat. 52° 4" 49"; Long. 2° 18' 30". In a 

field to the N. of the Hanley Road from Malvern Wells ; and N.W. of the 
cross-roads which are E. of the Midland Station ; about 10 yards from the 
road. 

(d) Mathon, May 22, 1886 ; Lat. 52° 6' 40" ; Long. 2° 22' 6". In a field to the 

S. of the road to Mathon ; a large pond on the other side of the road, 250 
yards N.E. by N. ; small church at West Malvern nearly due E. 

Declination. 



Date. 


S. 


G.M.T. 


a. 


V 


May 21 Great Malvern. . . . 

„ 22 Mathon 

„ 22 Colwall Green .... 

„ 22 Malvern Wells. . . . 


h. m. 
+ 1 33 
+ 4 11 
+ 1 19 
+ 29 
+ 35 
+ 4 12 


h. m. 
12 40 
16 57 
12 45 

14 37 

16 32 


19 31-31 
19 28-0/ 

18 431 

19 0-31 
19 0-1/ 
19 19-0 


/ 

19 33 

18 46*5 

19 3*6 

19 22-4 



Inclination. 



Date. 


Needle. 


vX.JJuL. X • 


e. 


O . 


May 21 Great Malvern. . . . 


1 
2 


h. us. 
12 57 
16 34 


68 14-8 
68 12-3 


O < 

- 68 14-2 



Horizontal Force. 



Date. 


G.M.T. 


H. 


JO a. 


May 21 Great Malvern. 

,, 22 Mathon 

„ 22 Colwall Green .... 
„ 22 Malvern Wells. . . . 


D 
V 
V 
V 
V 


h. m. 
14 28 
13 12 

13 1 

14 53 
16 47 


1-7691 
1-7700 
17664 
1-7636 
1-7691 


1*7687 

1-7635 

1- 7*627 

■ 1-7682 



/j Zi 
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113. Manchester. June 20 and 21, 1886; T. E. T. (61, 83). Lat. 53° 27' 40"; 
Long. 2° 16' 54". Old Trafford. On the lawn of the Royal Botanic Gardens, 
near the Winter House. Second series of Dip Observations, close to the lake, 
and about 100 yards S.E. of the first station. 

Declination. 



Date. 


JLi, 


G.M.T. 


8> 


<v 


Jane 20 


h. m. 

+ 2 25 


h» m. 

14 13 


19 12-5 


19 16-7 



Inclination. 



Date. 


Needle. 


G.M.T. 

li. m. 

13 3 
12 13 


0. 


e . 


June 20 


1 

2 


69 3-2 

69 3*0 


o t 

69 3-9 



Horizontal Force. 



Date. 


G.M.T. 


H. 


H . 


June 21 
„ 20 
„ 21 


D 

V 

V 


h. m. 

16 33 
13 51 

17 8 


17138 
1-7133 


1-7128 
1-7123 



11.4. MantON. April 21, 1888 ; T. E.T. (61,83). Lat. 52° 37' 32"; Long. 0°41'5l", 

On the hill about 400 yards from the Railway Station. 

Declination. 



<&** * 


G.M.T. 


8. 


S . 


h. m. 
+ 3 16 


h. m. 
15 13 


18 5-2 


18 217 
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Inclination. 



Needle. 


GkM.T. 


6>. 


Q . 


1 

2 


h. m. 

17 1 

16 46 


6 ? 8 13-8 
68 13-0 


o / 

68 17-1 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 
Y 


h. m. 

16 15 
15 34 


1-7711 
1-7714 


1-7661 



115. March. July 27, 1888 ; A. W. R (60, 74). Lat. 52° 32' 0" ; Long. 0° 4' 0" E. 
About a mile from March Church, on the south side of the road which runs west 
towards Barrow Moor. 

Declination. 



2. 


G.M.T. 


S. 


d . 


h. m. 

+ 3 10 


h. m. 
15 36 


17 43-9 


18 2-8 



Inclination. 



Needle. 



1 

2 



G.M.T. 



h. m, 

17 46 

18 14 



e. 



68 6-8 
68 6-0 



e Q . 



68 10-3 



Horizontal Force, 



G.M.T, 


TT 
JnL. 


TT 
±i 0i 


D 
Y 


h. m, 
16 36 
15 53 


1-7780 
1-7772 


1-7719 



174 



MR. A. W. RUCKER AND DR. T. E. THORPE ON A MAGNETIC 



116. Melton Mowbray. T. E. T. (61, 83). 

(a) April 22, 1888 ; Lat. 52° 44' 54"; Long. 0° 52' 46". In a field about a mile 

S. (mag.) of the Midland Station. 20 yards E. of the Sandy Road. 

(b) April 30, 1888 ; Lat. 52° 45' 47"; Long. 0° 53' 20". In a field by the river, 

400 yards W. of the Church. Egerton Lodge bearing about N. 

Declination. 



Date. 


2. 


G.M.T. 


S. 


$ . 


April 22 
„ 30 


h. m. 

- 30 
-0 12 

-0 5 

+ 5 22 


h. m. 

11 2 
13 8 
17 44 


18 55-0 
18 54-3 
18 53-7 
18 47-5 


o / 

19 10-9 

19 4-2 



Inclination. 



Date. 


Needle. 


G.M.T. 


0. 


% 


April 22 
» 30 


1 

2 
1 

2 


h. m. 

13 43 

14 
18 20 
18 32 


68 29-0 
68 26-7 
68 36-1 
68 36-0 


o / 

68 31-5 
68 39-7 



Horizontal Force. 



Date. 


G.M.T. 


H. 


H . 


April 22 

„ 30 


D 
V 

V 

V 


h. in. 
12 26 

11 17 

12 55 
17 55 


1-76731 
1-7670 J 
1-76691 
1-7674J 
1-7466 


1-7620 

1-7620 
1-7415 
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117. Milford Haven. July 29, 1887; A. W. E. (60, 74). Lat. 51° 42' 24" ; 
Long. 4° 56' 47". In a field belonging to Mr. Caron. 100 yards S.W. by W. 
of the main road which leads inland, and about 50 yards N.W. of a short lane 
leading to Mr. Caeon's house. Barracks due S. on the other side of the inlet ; 
about ^ of a mile N.JST. W. of the quay. 

Declination. 




Inclination. 



Needle. 


G.M.T. 


<9. 


e . 


1 

2 


h. m. 

11 46 

12 12 


68 7*9 
68 &6 


O 1 

68 9-9 



Horizontal Force. 





G.M.T. 


H. 


H . 


Y 


h. m. 

12 58 

13 41 


1-7844 
1-7843 


1-7808 



118. Newark. April 27, 1888 ; T. E. T. (61, 83). Lat. 53° 4' 35" ; Long. 0° 48' 43". 

In the middle of the Castle grounds. 

Declination. 



JL, 


G.M.T. 


s. 


V 


h. m. 
+ 1 29 


h. m. 

14 18 


18 29-5 


18 46-2 
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Inclination. 



Needle. 


G.M.T. 


0. 


Q . 


1 

2 


h. m. 
12 8 
12 25 


68 30-5 
68 28-9 


O i 

68 33-4 



Horizontal Force. 



G.M.T. 


H. 


±1 . 


D 

y 


h. m. 

13 1 

14 


1-7505 
1-7525 


1-7464 



119. Newcastle. September 17, 1886; A. W. R (60, 74). Lat. 54° 59' 25"; 
Long. 1° 39' 44". At the W. end of the moor, about 200 yards from the road. 
First Station about 150 yards from a Colliery ; second, about 200. 

Declination. 



s. 


G.M.T. 


0. 


<v 


h. m. 

- 59 
+ 1 44 


h. m. 
11 37 
13 32 


19 25-6 
19 23-9 


O 1 

19 30-3 



Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

13 10 

14 17 


6°9 "48-0 
69 49-0 




69 49-5 



Horizontal Force. 



G.M.T. 



Y 



h. m, 

12 22 



H. 



1-6681 



H . 



1-6665 
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120. Northampton. October 7, 1887; T. E. T. (01, 83). Lat. 52° 13'' 1"; 
Long. 0° 53' 52". In a field on the W. side of the High Road, and nearly- 
opposite Queen Eleanor's Cross, distant about 30 yards. 





Declination. 




Jw« 


G.M.T. 


•a. 


% 


h. m, 
-1 48 
f 1 25 


li, m. 

10 27 
13 37 


. 18 29-7 
18 30-5 


O / 

18 41*7 




Inclination, 




.Needle. 


G.M.T. 


1 0. 

1 


0Q. 


1 


h. m. 
12 15 

12 47 


68 6-3 

68 7-2 


/ 

68 9-4 



Horizontal Force. 



G.M.T. 


XT 

±1. 


XT 

-Dn. 




h. m. 






D 


11 22 


17708 


1-7671 


V 


10 46 


1-7713 


y 


JLo QJL 


1*7701 
1-7705 


1-7664 



121. Nottingham. April 28, 1888; T. E. T. (61, 83). Lat. 52° 57' ;/ ; Long. 1° 9' 20". 
To the W. of Tunnel Road, due W. of the Castle, towards the Bowling Green. 

Declination. 



s. 


G.M.T. 


a. 


a . 


li. m. 
- 28 


h, m, 

9 35 

15 9 


18 27-1 

18 29-4 


O 1 

18 44 9 



MDCCCXC. — A. 



2 A 
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Inclination, 



Needle. 


G.M.T. 


0. 


(Y ' 


1 

2 


h. m. 

15 52 

16 9 


68 33 ! 7 
68 34-1 


O J 

68 37-6 



.Horizontal Force. 





G.M.T. 


H. 


-QL a. 






h. In. 




• 


D 

y 




11 
9 54 


1-7520 

1-7524 


1-7471 


Y 




10 24 


1-7515 

1*7524 


1-7468 



122. Oxford. May 5 and 6, 1886; A. W. R. (60, 74). Lat. 51°45 / 34 ,/ ; Long. 1° 15' 6". 
In the Parks, near the Physical Laboratory. Ventilating flue in the middle of the 
Physical Lecture Room bears magnetic S, ; Cricket Pavilion E. by N. ; 29 paces 

W. from Plantation. 

Declination. 



Date. 


2. 


G.M.T. 


5. 


B Q . 


May 5. 
„ 6. 


h. m. 
+ 5 15 
-1 15 


h. m. 
17 51 
11 5 


18 29-0 
18 3'2-2 


18 337 






Inclination. 






Date. 


Needle. 


G.M.T. 

h, m. 

14 24 
14 55 


• 


e . 


May 6. 


1 

2 


67 57-1 
67 56-8 


o i 

67 57*5 



Horizontal Force. 



Date. 


G.M.T. 


H. 


JLLq. 


May 6. 


D 

Y 


h. m. 

12 18 
11 34 


1-7900 

1-7894 


1-7890 
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123. Peterborough. May 21, 1886; T. E. T. (61, 83). Lat. 52° 34' 16"; 
Long. 0° 15' 57". In the meadows to the W. of G.N. Railway Station, and about 
three quarters of a mile from it ; 200 yards N. of the River Nen, and 50 yards S. 
of the Thorpe Road. 

Declination. 



2. 


G-.M.T. 


a. 


V 


h. m. 
+ 1 23 

+ 4 10 


h. m. 
12 30 
15 40 


18 18-6 
18 18-5 


o / 

18 21-9 

-. __— , — , , — , j 



Inclination. 



Needle. 


G.M.T. 


0. 


0q. 


1 

2 


h. m. 

14 50 

15 18 


68 14-3 
68 14*1 


o / 

68 14-8 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 

V 


h. m. 

13 56 

12 52 


17692 

17708 


17692 



124. Plymouth. April 7, 1887, T. E. T. (61, 83). Lat. 50° 21/ 59"; Long-. 4° 8' 35". 
On the West Hoe, S. of the Drake Monument. W. end of Breakwater, 40° W. 
of S. ; E. end of Breakwater, 10° W. of S. Old Eddystone Tower, 42° E. of 8., 
70 yards away. Grand Hotel, 55° W. of N. 



Declination. 



2. 


G.M.T. 


0. 


Bq. 


h. in. 

- 1 33 


h. in. 

11 13 

14 25 


19 22-6 

19 22-8 


O 1 

19 31-6 



ZJ 



A 



9, 
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Inclination. 



Needle. 


GLM.T. 


0. 


e . 


2 


h. m. 
13 27 
13 56 


67 12 ! 9 
67 12-1 


67 14-7 



Horizontal Force. 



G.M.T. 


»i.-t. » 


JjLqi 


D 
V 


h. m. 
12 5 
11 39 


1-8343 
1-8331 


1-8309 



125. Port Erin (Isle of Man). August 8, 1887; T. E. T. (61, 83). Lat. 54° 5' 4"; 
Long. 4° 46' 7". On the S. side of the Harbour near the Breakwater, 

Declination. 



s. 


G.M.T. 


a. 


S . 


h. in. 

-1 5 

+ 2 37 


h. m. 

11 46 
13 47 


20 40-3 
20 44-2 


o / 

20 55-4 



Inclination. 



Needle. 


GLM.T. 


0. 


( y 


1 

2 


h. m. 

14 26 
14 45 


69 46 ! 2 

69 45-7 


o / 

69 48-1 

• 



Horizontal Force. 



\^A * JLt JL • J- • 


H. 


H . 


D 
V 


h. m. 
15 36 
12 38 


1^6714 
1-6712 


1-6678 
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126. Preston. August 24, 1886; A. W. R. (60, 74). Lat, 53"' 42' 46"; Long. 
2° 43' 18". On Farrington Moor, about 2 miles S.W. of the town, and 200 yards 
from a railway crossing. Close to cross-roads running N. and S. and E. and W. 
Spire of St. James* Layland, S. by W,, -| W. Farrington Factory, E.S.E. 

Declination. 



m*a * 


G.M.T. 


d. 


S . 


3i. m. 

+ 1 45 
■f 4 48 


h. m, 

14 25 
17 24 


19 49*7 
19 45*2 


o / 

19 52-3 



Inclination. 



Needle. 


V^ * l»»Jt- S .1- * 


0. 


*o- 


1 


h, m. 
16 29 


... . . ._ 

O I 

69 13*7 


o / 

69 14-7 



Horizontal Force. 



G.M.T. 


JL Jt» * 


H . 


D 
V 


15 30 
14 48 


1-7070 
1-7064 


1-7053 



127. Ptjrfleet. April 14, 1888; A. W. R. (60, 74). Lat, 51° 29' 7"; Long. 
0° 14' 58" E. Near a footpath which leads to the woods behind the village. 

Declination. 



2. 


G.M.T. 


a. 


a , 


+ 1 32 
4-4 44 


h. m. 

10 oU 

1/11 H K 


17 38*9 

17 37*4 


o * 

17 54-5 
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Inclination. 



1 

Needle. 


G.M.T. 


0. 


O - . 


1 

2 


h. m. 

14 40 

15 6 


67 27*2 
67 27*8 


O J 

67 30*9 



Horizontal Force. 





G.M.T. 


H. 


H . 


D 

Y 


h. m. 
16 21 
15 48 


1-8178 
1*8190 


1-8134 



128. Pwllheli. May 15,1886; A. W. E, (60, 74). Lai 52° 52' 55"; Long. 4° 24' 35". 
On the beach to the S. of the town and harbour. About 100 yards E. of the 
road which leads to the beach. The first declination was taken on the shore of 
the harbour about 100 yards off. 



Declination. 



2. 


G.M.T. 


8. 


Sq. 


h. m. 
- 1 46 
+ 2 9 


h. m. 

11 
14 6 


2°0 40-3 
20 36*9 


O 1 

20 41*9 



Inclination. 



Needle. 


G.M.T. 


e. 


O . 


I 

2 


h. m. 
12 15 
12 48 


68 49*7 
68 51-0 


o 1 

68 50-9 



Horizontal Force, 



> 

. 1 


G.M/r. 




U. 


H . 




h. 

13 


m. 
54 


1-7415 


1-7407 
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129. Ramsey (Isle of Man). August 3, 1887; T. E. T. (61, 83). Lat. 54° 19' 22"; 
Long. 4° 22' 48". On the N. shore of the harbour and about 60 yards W.S.W. 
of the end of the pier. Ramsey Church bearing due S. ; end of North pier 
bearing KS.E. 

Declination, 



2. 


G.M.T. 


a. 


K 


h. m. 

-13] 

+ 1 52 


h. m. 
11 19 
13 54 


2°0 40-9 

20 42-8 


o / 

20 54-9 



nclination. 



Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 
12 22 
12 44 


69 54-0 
69 51-6 


o / 

69 55-0 



Horizontal Force. 





G.M.T. 


TT 
Jtl. 


H . 


D 

V 


h. m, 

14 47 
11 40 


1-6653 
1-6651 


1-6617 



130. Ranmore. May 21, 1888; T. E. T. (61, 83). Lat. 51° 14' 38"; Long. 
0° 21' 36". On Ranmore Common, half- way between the Post Office and the 
Church, and 20 yards N. of the road. 

Declination. 



2. 


G.M.T. 


8. 


6 . 


h. m. 

-0 57 
+ 1 18 


h. ra. 
11 20 
13 6 


17 53-1 
17 49-9 


O 1 

18 8-9 



Inclination. 



Needle. 


G.M.T. 
h. m. 

9 10 

10 27 


0. 


O . 


1 
2 


67 16-7 
67 16-1 


o 1 

67 20-0 
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Horizontal Force, 



G.M.T. 


H. 


H . 


• 

D 
V 


h. m. 
12 11 
11 36 


1-8810 
1-8318 


1-8261 



131. Reading. T. E. T. (61, 74). 

(a) April 20, 1886. Lat. 51° 27' 57"; Long. 0° 58' 46". On the river-bank 

opposite Caversham Church. 
(6) May 30, 1888. Lat. 51° 27' 56"; Long. 0° 58' 50". Close to the former 

station. 

Declination, 



Date. 


^W t 


G.M.T. 


8. 


B . 


April 20, 1886 
May 30, 1888 


h. rn. 
- 1 21 

+ 2 24 
+ 4 12 
■f 1 4 


h. m. 
11 14 
14 1 


18 13-6 

18 12-7 

17 53-9 


Ol 

18 15-2 
18 11-6 . 



Inclination. 



Date. 


Needle. 

1 

2 


h. m. 

15 47 

16 45 


e. 

67 41-6 

67 38-9 


% 


April 20 


o / 

67 40-7 



.Horizontal Force, 



Date. 


G.M.T. 


j ..-*■. • 


XT 


April 20 
May 30 


D 
V 

V 


h. m. 

12 40 

13 27 
12 15 


1-8112 
1-8121 
1-8194 


1-8110 
1-8141 
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132. Rebcar. September 18, 1886 ; A. W. R (-60, 74). 

(a) Lat. 54° 34 / 33"; Long. 1° 0' 22". In a field on the spur of the hills 

due S. of Marske Church, and about three-quarters of a mile from it ; 
about 20 yards E. of the road which runs inland from Marske. 

(b) Lat. 54° 85' 46": Long. 1° 1' 15". In a straight line between Marske 

Church and the Sea. About 250 yards from the Church. 

Declination. 



2, 


V-J » XtJ. • .1, • 


h. 


d . 


h. m. 

"J" 1 CiX 


11 22 
lo 11 


O 1 

19 2-0 
18 58*0 


/ 

19 5-6 



Inclination. 



Needle. 


G.M.T. 


0. 
69 30*5 


e . 


1 


h. m. 


69 31-5 



Horizontal force. 





G.M.T. 


H. 


Jtln» 


V 


h. m. 
12 15 
11 42 


1-6865 
1-6861 


1-6847 



133. Rybe. April 28, 1886 ; T. E. T. (61, 74). Lat. 50° 43' 13"; Long. 1° 10' 44". 
In a field W. of Pellshurst, near Ryde. Parish Church bore E. by N., Mr. 
Hunter's house W.N.W. About 40 yards N. of the road. 

Declination, 



J!mit 


\*A • X* X- * -*. « 


a. 


o / 

18 1*6 


h. m. 
+ 2 "6 


h. m. 
11 4 
13 50 


18 1*1 

17 57*8 



MDCCCXC. — A. 



2 B 
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Inclination, 



Needle. • 


G.M.T. 


e. 


e . 


1 
2 


h. m. 

12 24 

12 58 


6°7 6-1 
67 8-5 


Q 1 

67 7-8 



Horizontal Force. 



G.M.T. 


H. 

1-8398 
1-8399 


H, . 


D 
V 


h. m, 
14 39 

11 2ia 


1-839 



134. St. Cybbs. April 26, 1886; T. E. T. (61, 74). Lat. 50° 46' 30"; Long. 
3° 35' 26". In the middle of a field to the S. of the S.W. Railway, near the 
road, and N. of the river Avon. 

Declination, 



2. 


V/T a «Lt JL • JL o 


8, 


a . 


h. m. 
+ 2 43 


h. m. 

JLo at) 


19 26*4 


19 28-6 




Inclination. 




Needle. 


\*A *-iX*-* -*» e 


0. 


#0* 


1 

2 


li. m. 

14 27 
14 6 


67 26*4 
67 251 


I 

67 26-2 



Horizontal Force, 





G.M.T. 


*-,.*■— B ....„.,. MW -, ,.,...,,.,„..,■ -in.., .,■».«, it. ^i.TMTWf 

H 


SJlq. 


D 
V 


In m. 
15 27 
13 10 


1-8269 
1-8266 


1*8260 
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135. St. Leonards. August 9, 1886; A. W. R. (60, 74). Lat. 50° 50' 56"; 
Long. 0° 31' 5" E. On the Common N. of the road three-quarters of a mile 
W. of Bo Peep Station. About 100 yards N.W. of Coastguard Station. 

Declination. 



+ 2 41 
+ 5 35 



G.M.T. 



h. m. 
15 13 



S. 



17 21-4 
17 190 



S . 



o / 

17 24-8 



Inclination. 



Needle. 


G.M.T. 


0. 


. 


1 

2 


h. m. 
17 21 
17 58 


66 59*1 

66 56-7 


o / 

66 58-9 

_ ...' j 



Horizontal Force. 





G.M.T. 




H. 


H . 


D 
y 


h. 
16 
15 


m. 
17 
37 


1-8452 

1-8449 


1-8437 



136. Salisbury. April 27, 1886; T. E. T. (61, 74); Lat. 51° 5' 3"; Long. 
1° 48' 6". To the N. of the town, and S. of Old Sarum, in a field E. of the 
Avon ; 60 yards from the Old Castle or Stratford Road. 





Declination. 




2. 


G.M.T. 


8. 


V 


h. m. 
- 1 3 

+ 1 59 


h. m. 
10 46 
13 46 


18 22 ! 5 
18 21-0 


o / 

18 239 



2 B 2 



188 



MR. A, W. RtTCKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


G.M.T. 


0. 






1 

2 


h, m. 

12 38 

13 15 


67 25 ! 9 

67 24-4 

- - 


o / 

67 25-6 

^w».— HI— . »,..«... ...I. ■» , ■ ,. „ - , , , _,... j, 



Horizontal Force. 



VX * JlXJL * JL • 


„_ — „ — ___ — _ , — 


h. hi. 


D 


14 35 


y 


11 34 



H. 



1*8253 

1*8246 



JLJLa; 



0* 



1*8242 



137, Scarborough. September 21, 1886; -A. -W. K. (60, 74); Lat. 54° 15' 55" ; 
Long. 0° 23' 24". In a field near the edge 'of the cliff on the south side of 
the town. About 200 yards from the residence of Alderson Smith, Esq. 





Declination. 




2U. 


G.M.T. 


a. 


a . 

18 48 ! 3 


b. m. 

+ 2 57 


io X / 


• 18 43*4 




Inclination. 


• 


Needle. 


G.M.T. 


e. 


o . 

O 1 

69 15*6 


1 


h. m. 

16 31 

17 9 


69 14*3 
69 15*2 



Horizontal Force. 



G.M.T. 


H. 


-M-Q. 


D 
y 


h. m. 
12 38 
14 19 


1*7032 
1*7035 


1*7017 
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138. Shrewsbury. May 8, 1886; A. W. K. (60, 74). Lat. 52° 42' ll"; Long. 
2° 45' 36". In the School Grounds, about 100 yards S.W. by W. of the new 
buildings. On grass W. of road and E. of the Cricket Ground. 

Declinatidn. 



2. 


G.M.T. 


s. 


a . 


h. m. 
-1 26 


h. m. 

11 7 


O I 

19 38*1 


19 41-2 



Inclination. 



Needle. 


G.M.T. 


0. 


O . 


■ ' 1 


h. m. 
12 40 


/ 

68 35-9 


o / 

68 36-4 



Horizontal Force. 



G.M.T. 


H. 

1-7352 
1-7349 


H . 

1-7344 
1-7341 


Y 
Y 


h. m. 

11 27 
11 53 



139. Southend. May 24, 1887 ; T. E. T. (61, 83) Lat, 51° 32' 49" ; Long. 0° 43' 11" 
E. In a field, about 20 yards from the point where the Sutton Road bends at 
right angles towards Prittlewell, half a mile N. of Southend Station, and about 
half a mile E. of Prittlewell Church. 





Declination. 






G.M.T. 

h. m. 

14 3 


h. 


»•• 


h. m. 
+ 2 32 


o / 

17* 34-0 


o 

17 44-4 
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MR. A. W. RtTOKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


G.M.T. 


e. 


Q . 


1 

2 


h. m. 

15 12 

14 56 


/ 

67 28-9 
67 28-5 


o t 

67 30-8 



Horizontal Force. 



G.M.T. 


H. 

1-8135 
1-8152 


Xin. 

1-8112 


D 

V 




h. m. 

13 12 
13 46 



140. Spalding. April 26, 1888 ; T. E. T. (61, 83). Lat. 52° 47' 5"; Long. 0° 8' 48". 

Seventy yards W. of the church. 

Declination, 



s. 


G.M.T. 


s. 


a . 


h. m. 
-1 5 


h. m. 
XX XU'O 


17 34-9 


17 516 



Inclination. 



Needle. 


G.M.T, 


0. 


1 
2" 


h. m. 
12 36 

12 50 


68 19-9 
68 19-4 




Horizontal Force. 





G.M.T. 


Jl.X>» 

1-75761 
1-7541/ 

1-7487 


XjLa. 

1-7512 
1-7436 


D 
V 
V 


XX * XXX » 

12 
11 25 

XX JiO 
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141. Stoke-on-Trent. September 13, 1887; A. W. E. (60, 74). Lat. 52° 57' 47"; 
Long. 2° 12' 20" Tn Trentham Park, about 350 yards S.W. of the house. 

Declination. 



s. 


G.M.T. 


S. 


6 Q . 


h. m. 
+ 2 29 


h. m. 
11 22 
14 14 


19 11-8 
19 100 


O l 

19 22-7 



Inclination. 



Needle. 


G.M.T. 


0. 


0Q. 


1 

. 2 


h. m. 
13 33 
13 58 


68 41-4 
68 40*5 


O 1 

68 43-6 



Horizontal Force. 





G.M.T. 


H. 


li . 






h. m. 






D 




12 35 


1-7443 
1-7439 


1-7404 


V 




11 37 


1-7435 


1-7398 


V 




11 55 


1-7436 



142. Sutton Bridge. July 31, 1888; A. W. R. (60, 74). Lat. 52° 45' 40"; 
Long. 0° 11' 50'' E. In a field on the E. bank of the River, about a quarter of 
a mile from the Railway. 

Declination, 



2. 


G.M.T. 


B. 


a . 


h. m. 
+ 1 39 

+ 5 34 


h. m. 
14 8 
17 24 


17 36-2 
17 34-3 


o / 

17 54-1 



192 



MR. A. W. RUCKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


■4 

G.M.T. 


0. 


e . 


1 
2 


h. m. 

15 30 

15 54 


68 18-2 
68 16-8 


O i 

68 21*1 



Horizontal Force, 



G-.M.T. 


H. 


<A -*- A# 


V 


h. m. 

14 29 


1-7677 


1-7620 



143. Swansea. May 28, 1886 ; A. W. R, (60, 74). Lat. 51° 36' 50"; Long. 3° 58' 57". 
In Cwmdonkin Park, one and a half mile N.W. of the town, and 150 yards 
N. W. of the Reservoir. 

Declination, 



rfWi 


G.M.T. 


B. 


V 


h. m. 
-1 4 

4-2 22 


11 39 
13 15 


19 43-2 

JL«7 tBX v 


o / 

19 45-6 


Inclination. 


Needle. 


V-4 *JL?-JL# -M~ s 

16 22 
16 59 


0. 

67 59*5 
67 58*6 


O . 

67 597 


1 



Horizontal Force. 



vX » JA.L # JL * 


XT 


TT 

n . 


h. m» 
D 14 

V | 12 26 

V | 13 

i 
1 


1*79391 
1*7943/ 
1*7939 1 
1-7941/ 


1*7932 
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144. Swindon. April 21, 1886 ; T. E. T. (61, 74). *Lat. 51° 34' 12" ; Long. 1° 46' 54". 
In a field N.N.E. (mag.) of railway station, about a quarter of a mile from railway 
line, and near a farm. 

Inclination. 



Needle. 
2 


G.M.T. 


0. 
67 49-8 

/ 0<u' JL 


e o- 


h. m. 

10 44 

11 lo 


O 1 

67 51*4 



Horizontal Force. 



■ ' 

G-.M.T. 


H. 


J.J.Q. 


D 


h. m. 
12 5 

9 48 


1-7934 
1-7941 


1-7930 



145. Taunton. April 23, 1886 ; T. E. T. (61, 74). Lat. 51° 0' 52" ; Long. 3° 5' 32" 
In a field to the S.E. of the town ; King's College, about quarter of a mile away 
bearing 3.W. by W. (mag.). Trinity Church a quarter of a mile away, N.N.W 
(mag.). 

Declination. 





G.MT. 


h. 


o . 


XX* XXX* 

M OO 

+ 1 30 


h. m. 

12 32 


19 8-8 
19 8-3 


o ' 

19 107 




Inclination. 




Needle. 
1 


VjT • XSX- * JL * 


0. 

67 32-0 
67 32 5 


% 


h. m. 

10 34 

11 11 


O t 



MDCCCXC— A. 



9 (< 

<«- V,.' 



194 



MR. A. W. RUCKER AND DR. T E. THORPE ON A MAGNETIC 



horizontal Force. 



G.M.T. 


H. 


H . 


D 

V 
V 


h. m. 
13 15 

11 50 

12 7 


1-8151 \ 
1-8156/ 
1-81691 
1-8170/ 


1-8146 
1:8162 



146. Thetford. September 20, 1887; A. W. R. (60, 74). Lat. 52° 23' 57" ; 
Long. 0° 43' 12" E. In the Hundred-acre Field, on the estate of the Maharajah 
Duleep Singh. 

Declination. 



2. 


G.M.T. 

h. m. 
13 44 

• • 


h. 


o . 


h, m. 
+ 3 32 

+ 3 48 


17 29-8 
17 28-8 


17 41-2 



Inclination. 



Needle. 


G.M.T. 

h, m. 

16 5 
16 31 


0. 


<v 


1 

2 


6°7 58-9 
67 58-7 


o / 

68 1-4 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 

V 


h. m. 

14 43 
13 55 


1-7831 

1-7828 


1-7791 
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147, Thirsk. September 20, 1886; A. W, B. (60, 74). Lat. 54° 14' 35"; Long. 
1° 20' 38". In the Kilvington fields, about half a mile N. of the Church. About 
50 yards W.S.W. of the high road to York, and between it and the stream. 



Declination, 



2. 


V^ •JL3tX.* jl. * 


<X 


$Q. 


h, m. 
-1 11 
~j~ 2 21 


h. m. 

11 16 
15 14 


19 20-6 
19 131 


O / 

19 21*7 



Inclination, 



Needle. 


G.M.T. 


0. 


Q . 


1 

2 


h. m. 

13 51 

14 44 


69 27 ! 6 
69 26-8 


O i 

69 28*3 

, , , ,-, ,, ■ ....... 



Horizontal Force. 



a.M.T. 


H 


H . 
1*6912 


D 

V 
V 


h, m. 

12 42 

11 35 
•12 1 


1*6930 
1*6926 
.1*6926 
1*6932 

% 



148. Tilney. August 1, 1888 ; A. W. B. Lat. 52° 42' 10"; Long. 0° 17' 11" E. 
In a field behind a farm house on the main road from Wisbech, and about half 
way between Tilney Buck and the point where the road crosses the Five-Mile 



urain. 



Declination. 



<«£** 




B, 


% 


XX • JJL*# 

+ 1 27 


h. m. 
12 10 


17 39*2 


17 58*1 



9 p ° 
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MR. A. W. RtJCKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


G.M.T. 

h. m. 

13 57 


0. 
68 17-1 


Q . 


1 


68 20-7 



Horizontal Force. 



G.M.T. 


H. 

1-7707 
1-7717 


H . 
1*7655 




TT 




Jll* 111* 

11 20 

12 1 



149. Titnbridge Wells. September 27, 1887 ; T. E. T. (61, 83). Lat # 51° 7' 36"; 
Long. 0° 15' 37" E. On the Common, about 200 yards from the London Road ; 
Trinity Church bearing 45° E. of N. (mag.). St. Peter's Church bearing 95° E. of 
N. (mag.). St. Mark's Church bearing 35° W. of S. (mag.). 

Declination. 



jimm * 


G.M.T. 


XX XXX* 

-1 49 
+ 1 39 


h. m. 
10 31 
13 52 



s. 



17 29-1 
17 29-3 



8 . 



17 41-3 



Inclination, 



Needle. 


G.M.T. 


e. 

o / 

Q7 7-8 

67 8-3 


O . 
67 10*8 


1 

2i 


XX* Jll-JL* 

12 9 
12 32 



Horizontal Force. 



VJC* 1VJL. JL » 


ELt 


TT 

Xl.Q. 


D 

Y 
Y 

i 


h. m. 
11 34 

10 54 
14 7 


1-83401 
1-8335 / 
1-83331 
1*8335/ 


1-8299 
1-8296 
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150. Wallingfobd. May -29, 1888; T. E. T. (61, 83). Lat. 51° 36' 3"; Long. 1° 7' 21". 
Below Wallingford Bridge, 70 yards away, on the left bank, opposite the Church. 

Declination. 



2. 


g.m.t. 

h. m, 

13 18 








V 


h. m. 
4- 49 


o 

18 


3-9 


o 

18 


21-6 



Inclination. 



Horizontal Force. 





a.M.T. 


H. 

* 


D 

Y 




h. m. 
14 7 
13 31 


1-8040 
1-8039 



Needle. 


a.M.T. 


0. 


0Q. 
O / 

67 48-4 


1 
2 


h. m. 

14 48 

15 1 


67 44 ! 9 
67 44-2 




1-7986 



151. Weymouth. April 6, 1887; T. E. T. (61, 83). Lat. 50° 36' 16"; Long. 2° 26' 52". 
On the S. side of the Nothe, close to the shore. End of Portland Breakwater, 
28° E. of S. (mag.). Bincleaves House, 60° W. of S. (mag.). Coastguard 
Station on Nothe, 55° W. of N. (mag.). 





Declination. 




2. 


a.M.T. 


18 37-3 

18 38-6 


S . 

o < 

18 46-7 


h. m. 

-1 26 

4-2 4 


h. m. 

11 17 
14 3 




Inclination. 




Needle. 


a.M.T. 

h. m. 
13 25 
13 46 


e. 


Uq, 


1 
2 


67 10-3 
67 8-9 


a ' 

67 117 



198 



ME. A. W. R1JCRER AND DR. T. E. THORPE OK A MAGNETIC 



Horizontal Force. 



G.M.T. 


H. 


H . 


D 

Y 


h. m. 
12 24 
11 48 


1-8357 

1-8358 


1-8329 



152. Wheelock. February 18, 1887; T. E. T. (83). Lat. 53° T 50" ; Long. 2° 22' 30". 

In the field behind Wettenhall Cottage. 



Inclination. 



Needle. 


G.M.T. 


0. 


. 


1 

2 


h. m. 

13 37 

14 42 


68 46-8 
68 47-9 


o ' 

68 49-0 



153. Whitehaven. August 27, 1886; A. W. R. (60, 74). Lat. 54° 32' 37"; 
Long. 3° 34' 20". In Midgey Mount ; S.E. of the Castle, and in the grounds. 
About 300 yards from Cukickle Gate. 

Declination. 



2. 


G.M.T. 




h . 


h. m. 
- 1 40 
+ 2 22 


h, m. 
11 2 
14 21 


20 35-5 
20 36-6 


O 1 

20 41-6 



Inclination. 



Horizontal Force. 



Needle. 


G.M.T. 


0, 


0o> 


1 

2 


13 19 

13 52 


69 45*8 
69 477 


O 1 

69 47-6 



G.M.T. 


Jl — 1- e 


H . 


* V 

u 

V 


h. m, 
12 14 
11 23 


1-6740 
1-6743 


1-6727 
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154. Windsor, May 31, 1888; T. E. T. (61, 83). Lat. 51° 29' 22"; Long. 
0° 37' 25". To the W. of the town, near the point where the river makes a bend 
towards the Railway Bridge. 

Declination. 



2. 


G.M.T. 


a. 


6 Q . 


h. in. 

-f- 3 47 


h. m. 
16 10 


18 12-2 


18 29-9 



Inclination. 



Needle. 


G.M.T. • 


0. 


O . 


1 

2 


h. m. 
17 20 
17 30 


67 35-5 
67 34*3 


c / 

67 38-8 



Horizontal Force. 



G.M.T. 


J — L. * 


JLjLA* 


I) 
V 


h. m. 

16 48 
16 22 


1-8142 


.1-8084 



155. Wisbech. July 31, 1888; A. W. R. (60, 74). Lat. 52° 40' 30"; Long. 
0° 8' 20" E. In a field belonging to Mr. Sharp to the S. of the Leverington 
Road. About 50 yards E. of an octagonal pigeon house. 





Declination. 




2. 


\A • JLt JL • -J_ • 


0. 


a . 


h. m. 

- 2 26 


h. m. 

9 57 


17 46*7 


18 5-6 


Inclination. 


Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

17 53 

18 12 


6°8 17-2 
68 13-7 


o / 

68 19-0 
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ME. A. W. RUCKER AISTD DR. T. E. THORPE ON A MAGNETIC 



Horizontal Force. 



G.M.T. 


1-7707 
1-7713 


Xln. 

1-7653 


T) 

y 


h. m. 

16 47 
16 1 



156. Worthing. September 29, 1887 ; T. E. T. (61, 83). Lat. 50° 48' 35" ; Long. 
0° 23' 22". In a field adjoining a new road W. of West Worthing, about 300 
yards from the beach and three-quarters of a mile from the Pier ; about half- 
way between the railway line and *the beach. Tarring Church 10° E. of N. 
(mag.). S. Botolph's (W. Worthing) 55° E. of N. (mag.). 





Declination. 




JL. 


G.M.T. 


a. 


i 


h. m. 

-1 10 

+ 2 56 


h. in. 

11 6 
14 12 


o / 

17 46-2 
17 47-6 


/ 

17 59-0 




Inclination. 




Needle. 

1 

2 


G.M.T. 


0. 

o / 

67 4-3 

67 2-9 


O . 


h. m. 

12 46 

13 12 


o / 

67 6-4 



Horizontal Force. 





G.M.T. 


h. m. 


1 O 

Jl. 


H . 






\ 




I) 






11 59 


1-8443 1 
1-8439 J 


1-8403 


V 
y 




* 


11 20 

14 25 


i 1-84451 
1-8433 j 


1-8401. 
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Descriptions of Irish Stations. 



157. Armagh Observatory. August 15, 1887; T. E. T. (61, 83). Lat. 54° 21' 10"; 

Long. 6° 38' 53". In a field belonging to the Observatory about 100 yards S. of 

the house, and close to the position on which Lloyd and Ross had made 

observations. 

Declination. 



2. 


G.M.T. 


a. 


B . 


h. m. 

+ 1 14 
+ 3 15 


h. m. 

14 13 
16 1 


o / 

22 3-8 
22 2-5 


o / 

22 16-5 



Inclination. 



Needle. 


G.M.T. 


0. 


e Q . 


1 

2 


h. m. 

15 9 

15 29 


o / 

69 55-3 
69 55-2 


69 57-6 



Horizontal Force. 



G.M.T. 


H. 


H . 


T> 

V 


h. m. 

16 40 
14 26 


1-6659 
1-6656 


1-6625 



158. Athlone. T. E. T. (61, 83). 

(a) May 8, 1887. Lat. 53° 26' 8"; Long. 7° 57' 22". On the N. bank of the 

Shannon and about 50 yards from the rivers edge. About 1 mile from 
the town. 

(b) May 9, 1887. In the middle of the kitchen garden, 150 yards behind 

the Prince of Wales' Hotel, and near the Protestant Church. 

Declination. 



Date. 


2. 


G.M.T. 


B. 


S . 


May 8 
„ 9 


h. m. 
+ 1 41 
-3 44 


h. m, 
12 39 

9 9 


22 16-5 
22 16-8 


O I 

22 26-7 

_ — 



MDCCCXC. — A. 



2 D 
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MR. A. W. RtCKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Date. 


Needle. 


a.M.T. 


0. 


6> . 


May 8 


1 

2 


h. m. 
13 25 
13 55 


6°9 38-5 
69 37-6 


/ 

69 40-0 



Horizontal Force. 



Date. 


VJ • JXL • JL • 


TT 
±1. 


h.q. 


May 8 


h. m. 

D I 15 18 

V ! 12 14 

i 

i 


1-6874 
■ 1*6885 


1*6852 



159. Bagnalstown. September 8, 1887; A. W. R. (60, 74). Lat. 52° 41/ 37" ; 
Long. 6° 57' 36". In a field to the W. of the Enniscorthy-road, about a quarter 
of a mile from the point where it crosses the railway. 



Declination. 



2j, 


a.M.T. 


8. 
21 43-3 


B . 


h. m. 
-3 27 


h. ra. 
9 9 


21 55-0 



Inclination. 



Needle. 


a.M.T. 


0. 


e . 


1 


h. m. 
9 47 


69 2-2 


69 51 



Horizontal Force, 



a.M.T. 


X"f 
JLJL * 


TT 

XXq. 


y 


h. m. 

9 20 


1-7242 


1-7208 



SURVEY OF THE BRITISH ISLES FOR THE EPOCH JANUARY 1, 1886. 203 

160. Ballina. September 2, 1887; A. W. R. (60, 74). Lat. 54° 7' 10"; Long. 
9° 9' 0". About 400 yards S. of Belleck Castle. In a field on the west side of 
the road which runs north from the town ; about a quarter of a mile from the 
river. 

Declination. 



s. 


v^#JLiLL« jl * 


8. 


a . 


h. m. 

-2 I 


h. m, 
11 6 


23 15-3 


23 26-9 


Inclination. 


Needle. 


\-A »JLtJ-» JL • 


0. 


Q . 


1 

2 


li. m. 
13 20 
13 42 


70 22-8 
70 23'8 


O i 

70 25-8 



Gr.M.T. 


1*6356 
1-6357 


TT 
±1 . 


D 

V 


h. m. 
12 3 

11 23 


1-6323 



161. Ballywilliam. September 8, 1887; A. W. B. (60, 74). Lat. 52° 26' 37"; 
Long. 6° 52' 0". Jji a field W. of the road, nearly S. of the station, and about 
one-third of a mile from it. 



Declination. 



2, 


V-4 * JlxL* JL • 


a. 


a . 


h. m. 

-0 49 


h. m. 

11 56 


2°1 25*6 


2°1 37*3 



2 D 2 
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ME. A. W. RtOKBR AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


\_A * -ixJL • JL • 


a. 


Oq. 


1 


13 49 


69 2*7 


69 5*6 



"•-••• » T> ****** 

Horizontal ±<orce. 



\_4 • -i.yjL * Ju * 


XT 

■JL. JLw K 


Hq. 




li. m. 






B 


13 7 


1-7247 
1-7268 


1-7223 


Y 

Y 


12 13 

xdt did 


1*7255 
1-7258 

i 


1*7222 



.162. Bangoe. August 18, 1887; T. E. T. (61, 83); Lat. 54° 39' 57"; Long. 

5° 39' 50". Station 200 yards E. (mag.) from the Harbour. 





Declination. 




* 


G.M.T. 


$>• 


B . 


h. m. 

- 1 27 

+ 25 


h, m. 
11 39 
13 53 


21 30*6 

dix oX'o 


21 44-4 


Inclination. 


JSTeedle. 


\^a • JLYJL • JL • 


6. 


Oq. 


1 

2 


XJL • J. JL X • 

12 48 

13 15 


69 597 
69 58*1 


O 1 

70 1*3 



Horizontal Force. 



YJT* 13 JL * JL « 




H . 


D 

Y ' 

Y 


h. m, 
15 7 

XX Qo 

14 10 


1-6636 
1*6633 

1*6624 

X*Duo« 


1*6601 
1*6595 
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163. Bantry. August 9, 1887; A. W. B. (80, 74); Lat. 51° 40' 25"; Long. 
9° 28' S3''. In a field opposite to Ivy Cottage, about a mile and a quarter 
W. of the town. 

Declination. 



j£j. 



h. m. 
+ 2 35 

+ 5 50 



G.M.T. 



h. m. 
15 53 
18 13 



8. 



22 29-7 
22 27-8 



d o- 



22 40-3 



Inclination. 



Needle. 


G.M.T. 


e. 


Q . 


1 

2 

I 


h. m. 
17 9 
17 41 


6S 43 f l 

68 42-8 


Q / 

68 46*0 



Horizontal Force. 



V-a ■ JlXJL * JL « 


H. 


XlA. 


D 
V 


18 59 
16 10 


1-7561 
1-7561 


1-7529 



164. Carrick~on-Shannon. May 12, 1887 ; T. E. T. (61, 83). Lat. 53° 56 / 36" ; 
Long. 8° 5' 46". To the N. of the Shannon Bridge, about 70 yards from the 
road, and close to the Quay -side ; nearly opposite the door of the Royal Irish 
Constabulary Office. 

Decimation. 



2. 


G.M.T. 


8. 


B . 


h. m 

-2 49 
-1 24 


h. m. 
10 29 


22 52-7 
22 53-1 


O / 

23 3-1 
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MR. A. W. RtTCKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


V_^ « -XYJ- • _L * 


0. 


e . 


1 

2 


b. m. 
11 55 
11 58 


69 51-7 

69 50-9 


o / 

69 53-3 



Horizontal Force. 



G.M.T. 


M. 


H . 


V 


h. m. 

10 42 


1-6727 


1-6700 



165. Oastlereagh. May 9, 1887; T. E. T. (61, 83). Lat. 53° 45' 34"; Long. 8° 29' 7". 

About 150 yards W. of the Oastlereagh Railway Station. 





Declination. 




2. 


G.M.T. 


B. 


V 


b. m. 
-0 32 


h. m. 

12 22 


23 1-0 


23 11*1 




Inclination. 




Needle. 


G.M.T. 


0. 


6 . 


1 

2 


h, m. 
13 16 
13 36 


69 53-9 
69 547 


O 1 

69 56-3 



Horizontal Force. 



G.M.T. 


H. 


H . 


-XT 

V 




h. m. 
12 35 


1-6743 


1-6716 
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166. Cavan. September 6, 1887; A. W.R. (60,74). Lat. 53° 5 9' 4"; Long. 7° 2 1/43". 

In a field about 100 yards N. of the College. 





Declination. 




-21/ » 


G.M.T. 


a, 


B . 


h. m. 
-3 29 
+ 1 29 


h. m. 
9 13 

14 10 

15 45 


2°2 26-1 

22 267 
22 27-4 


o / 

22 37-8 


Inclination. 


Needle. 


\*A • JLYJL • JL • 


0. 


O . 


1 

mm 


h. m. 

12 18 
12 52 


69 54-6 
69 55-1 


o / 

69 57*3 



Horizontal Force. 



G.M.T. 


XT 
Jul. 


H . 


D 

V 


h. m. 

13 22 
9 24 


1-6660 
V6666 


1-6629 



167. Charleville. August 6, 1887; A. W. R. (60, 74). Lat. 52° 20' 54"; Long. 
8° 40' 22". In a field about halfway between the Station and the Town. 





Declination. 




2. 


G.M.T. 


a. 


B Q . 


h. m. 

+ 3 56 
+ 4 37 


h. m. 

15 6 
17 52 


22 19-4 
22 19'1 


O 1 

22 30-8 
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MR. A. W. RtfCKER AND BR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


G.M.T. 


e. 


0q. 


1 
2 


h. m. 

16 43 

17 30 


69' 4-1 
69 0-8 


/ 

69 5-3 



Horizontal Force. 



G.M.T. 


H. 


IT 

JlLq. 


V 

V 


h. m. 
15 36 

15 20 


1-7261 
1-7255 


1-7226 



168. Clifden. August 30, 1887; A.W.R (60, 74). Lat. 53° 29' 35"; LoDg. 10° 4' 10". 
In a field on the S. side of the road which runs from Clifden to Ballymaconry. 
Three-quarters of a mile from the upper gate to the grounds of Clifden Castle. 

Declination. 



2. 


G.M.T. 


3. 


8 . 


h. m 

-1 35 

'+ 1 49 


h. m. 
11 30 
14 44 


2°4 8-2 
24 9-2 


o / 

24 20-7 



Inclination. 



Needle. 


G.M.T. 


0. 


. 


1 

2 


h. m. 
13 24 
13 48 


70 23 
70 1-9 


O / 

70 * 4-8 



Horizontal Force. 



G.M.T. 


TT 
JtL. 


H . 


D 

V 


h. m. 
12 20 
11 40 


1-6660 
1-6668 


1-6631 
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169. Coleraine. August 21, 1887; T.E.T. (61, 83). Lat. 55° 7' 31"; Long. 6° 40' 24 

On the West Side of the River and 200 yards S. of the Bridge. 



// 





Declination. 




2. 


\^A • -i.YJL • JL • 


S. 


B . 


h. m. 

+ 39 


h. m. 
13 32 
15 23 


22 24-3 


o / 

22 36-9 


Inclination. 


Needle. 


G.M.T. 


0. 


Q . 


1 


h. m. 
15 50 


70 45-2 


70 It7 



Horizontal Jborce. 



\^A #XfJL# JL • 


H. 


XT 

n . 


D 

V 


h, m. 

14 35 

15 8 


1-61231 
1-6125 / 
1-6111 i 
1-6115/ 


1-6091 
1-6080 



170. Cookstown Junction. August 19, 1887 ; T. R. T. (61, 83). Lat. 54° 44' 56" ; 
Long. 6° 16' 1" About 300 yards W. of Cookstown Junction Station, on the 
road to Randalstown. 

Declination. 



mdcccxc. — a. 



2 E 



2Lj , 


Q-.M.T. 


S. 


B . 


h. m. 

' + 28 
+ 1 38 


h. m. 
13 26 


21 19-6 

£jJL JLt7 O 


/ 

JjL o2i'q 
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MR. A. W. RtJGKER AND DR. T. E. THORPE ON A MAGNETIC 



Inclination. 



Needle. 


a.M.T. 


e. 


Oo- 


1 

2 


h« m, 

14 38 

15 4 


69 31-8 

69 32-0 


o i 

69 34*5 



Horizontal Force, 



vX * -LYJL • JL » 


J H. « 


J — L.A « 


D 

V 


h. m. 
15 43 
13 52 


1-6862 
1-6865 


1-6830 



171. Cork. August 8, 1887 ; A. W. K. (60, 74), Lat. 51° 53' 30" ; Long. 8° 29' 30". 
In the quarry behind Queen's College. The second Declination was taken in a 
field about 250 yards to the E. of the first station. The difference between the 
two results is larger than was anticipated. 

Declination. 



2. 


G.M.T. 


a. 


III 1 1 !,.!.. 

e . 


h. m. 
~ 3 44 

+ 2 49 


h. m. 
10 40 

14 36 

15 49 


22 3-8 1 
22 1-7 J 
22 10-3 


o / 

22 14-3 
22 21-9 



Inclination, 



Needle. 


a.M.T. 

h, m. 

12 52 

13 25 


0. 


Q . 


1 

2 


68 44*2 
68 43-2 


/ 

68 46-4 



Horizontal Force. 



\A • JLxJL * JL o 


.J — (L« 


H . 


D 

V 


h. m. 
12 6 
11 26 


1-7537 

1-7540 


1-7506 
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172. Donegal. August 23, 1887 ; T. E. T. (61, 83). Lat. 54° 39' 5" ; Long. 8° 6' 57". 
On the N. bank of the Port, nearly opposite the ruins of the Abbey, which bore 
S.S.W. Village bore due E. 

Declination. 





G.M.T. 


&. 


^ 


h. m. 
+ 11 

+ 1 53 


h. m. 

11 42 

i.0 o± 


23 6-9 
23 6-4 


O / 

23 20-1 


Inclination. 


Needle. 


o.m.t. 


0. 


% 


1 

2 


h. m. 

13 46 

14 32 


70 12-5 
70 13-1 


o t 

70 15-8 



Horizontal Force. 



vX*XVX.» JL * 


H. 


H . 


D 

V 


h. m. 

15 7 
12 2 


1-6482 
1-6483 


1*6449 



173. Drogheda. May 15, 1887 ; T. E. T. (61, 83). Lat. 53° 42' 48" ; Long. 6° 22' 4". 
In a field S.S.W. of Rathmullan House, about 1 mile west of Drogheda Cathedral, 
and on the S. side of the River Boyne. 



Declination. 



2. 


G-.M.T. 


h. 


K 


li. m. 

-0 38 
4- 1 


h. m, 

JLJL m*j 

13 4 


21 43-8 
21 42-3 


o / 

21 54-7 



2 



E 2 






MR. A. W. EUCKER AND DE. T. E. THOEPE ON A MAGNETI 



Inclination. 



'Needle. 


G.M.T. 


0. 


. 


1 

2 


h. m. 

13 59 

14 14 


69 34-5 
69 33-8 


O 1 

69 36-3 



Horizontal Force. 



G.M.T. 


H. 

1-6921 

1-6921 
1-6924 
1-6924 


JL-Ln. 


D 
Y 
I) 
V 


h. m. 
12 19 
11 11 

12* * 50 


1-6894 
1-6897 



174. Dublin (Trinity College). May 5 and 6, 1887; T. E. T. (61, 83). Lat. 
53° 20' 35"; Long. 6° 15' 24". 1st Station. On the path before the Magnetic 
House, between it and the University Buildings. About 20 yards from the 
former. 2nd Station. On the middle walk and almost due E. of the Provost's 
House; to the N.E. of the entrance of the Magnetic Observatory. 





Declination. 






Date. 


Zi 


G.M.T. 


a. 


6 . 


May 5 
» 6 


h. m. 
+ 1 30 
-1 6 


h. m. 

13 28 
11 46 


21 29-4 


o / 

21 40-8 




Inclination. 






Date. 


Needle. 


\~a t >-VJL • JL « 


to 

0. 


e . 


May 5 


1 

o 

u 


h. m. 

15 30 

15 57 


69 13-9 
69 13-3 


o / 

69 157 
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Horizontal Force. 



Bate. 




v3 ♦ JLVjL * JL • 


xMm, »Jfirt 9 


TT 








bu m. 






May 5 


D 




12 5 


1-7108 . 


1-7079 




Y 




13 11 


1-7105 




Y 




xci 


1-7125 
1*7120 


1-7095 



175. Enntskillen. 

May 14, 1887; T. E, T, (61, 83). Lat, 54° 21' 18"; Long. 7° 39' 50". At 

Silverhill, at the S. end of lower Lough Erne. Portora Old Castle, bearing 

due E. (mag.) ; Devenish Round Tower, 38° E. of N. (mag.) ; Royal 

Schools, Portora, 35° E. of S. (mag.). 
September 3, 1887 ; A. W. K. (60, 74). Lat. 54° 21' 7"; Long, 7° 39' 8". In a 

field close to the river, and about 150 yards east of the Royal Schools. 



Declination, 



Date. 




v?r.-i.vx» «*, • 


6, 


€> . 


Sept. 3 (R.) 


JIX* J>Jt&« 

+ 2 39 

-f-2 49 
-}~5 44 


h. m, 

15 44 
18 41 


O I 

2i2i Do' L 
22 51*0 


O / 



Inclination. 



Date. 


Xi tJtJO-lfcJ» 


G.M.T. 


e. 


%• 


May 14 (T.) 
Sept. 3 (R.) 


1 

H 

2 



mi- 


h, m, 

13 5 

13 22 

17 9 

17 29 

18 24 


70 12-8 
70 12-0 
70 12-3 
70 11-5 

70 10-8 


o t 

70 14-2 



Horizontal Force. 



Date. 


VJT « X?CL « JL * 


J!— it- * 


JJ rt» 


May 14 (T.) 
Sept. 3 (R.) 


D 

Y 

V 


h. m. 
11 8 
11 42 
16 17 
15 58 


1-6526 
1-6507 
1-6496 
1-6501 


1*6489 
1-6465 

1 
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MR. A. W. RtTCKER AND DR. T. E. THORPE ON A MAGNETIC 



176. Galway. A. W. E. (60, 74). 

(a) August 25, 1887 ; Lat. 53° 16' 37"; Long. 9° 3' 42". On the Lawn in front 

of Queen's College. 

(b) August 26, 1887 ; Lat. 53° 17' 30" ; Long. 9° 3' 21". At the lower end of 

Loch Cool, on the S. side, near the entrance of the river. The first station 
was chosen as being near to the College, but as it is on the granite, and was 
found to be highly disturbed, the second position was selected on the 
limestone. 

Declination. 



Date. 


JL. 


G.M.T. 


a. 


B Q . 




h. m. 


h. m. 


o / 


o / 


Aug. 25 


+ 2 15 

+ 4 28 


15 18 
17 49 


JiO Oo'o 1 

23 53-6 J 


24 6-3 


„ 26 


+ 2 14 


15 26 


23 18-0 1 






+ 2 31 


e « 


23 18-5 V 


23 29-8 




+ 5 14 


9 t 


- 





Inclination, 



Date. 



Aug. 25 
5 > 26 



Needle. 



1 

2 
1 
1 

2 



G.M.T. 



h. m. 

16 51 

17 23 
17 1 
17 31 
17 16 



69 
69 
69 
69 
69 



0. 



53-5 

52*6 
40-2 
42-3 
42-3 



0o- 



o / 

69 55-5 
69 44-1 



Horizontal Force, 



Date. 




G.M.T. 


J__l_ » 


XT 

JILa. 






h. m. 






Aug. 25 (1) 


D 

V 




16 12 
15 33 


1-6602 
1-6600 


1-6568 


„ 26 (1) 


Y 




12 55 


1-6631 
1-6631 


1-6598 


(2) 


D 




16 22 


1-6898 


1-6867 




Y 




16 46 


1*6903 
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177. Gort. August 24 and 25, 1887 ; A, WYR (60, 74). Lat. 53° 4' 20"; Long. 
8° 49" 15". In a field to the E. of the road which runs N. from the town, 
due N. of the Church, and about 500 yards from it. 





D 


eclination. 






Date. 


J&. 


G-.M.T. 


B. 


B . 


Aug. 24 

55 <uD 


XX * xxx« 

+ 4 28 
-4 17 


h. m. 
15 41 

8 46 


22 38-2 
22 39-1 


O 1 

au oU*o 




Inclination. 






Date. 


Needle. 


V_4 « XYX, • JL * 


0. 




Ang. 24 


1 

2 


h. m. 

16 47 

17 17 


69 29-5 

69 287 


O 4 

69 317 



Horizontal Morce. 



Date. 


G.M.T. 


H. 


J_Ln« 


Aug. 24 


y 


h. m. 
16 6 


1*7046 


1-7013 



178. Greenore. August 14, 1887 ; T. E. T. (0 J , 83). Lat. 54° 1' 35"; Long. 6° 7' 47". 

On the shore near the Coast Guard Station. 



Declination. 



y 


G.M.T. 


a. 


$ . 


I J » XII * 

-0 10 
+ 3 41 


h. in. 
12 43 
15 17 


22 1*3 

Ciu x'U 


o / 

22 14*5 
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MR. A. W. RITCKER AND DR. T. E. THORPE OH A MAGNETIC 



Inclination. 



Needle. 


V-fl * JJfJL# J~ * 


6. 


#0' 


jQ 


h, m. 

14 42 

15 1 


6°9 417 

69 37-5 


o / 

69 42-2 



Horizontal Force. 




179. Kellb. May 16, 1887 ; T. E. T. (61, 83). Lat. 53° 43' 8" ; Long. 6° 52' 46". 
In a field half a mile S. of the Kells Railway Station and about 50 yards E. of 
the main road. 

Declination. 



2d, 


G.M.T. 


a. 


a . 


h. m. 

-0 14 


h. m. 

12 30 


21 56-7 


2°2 7*0 



Inclination. 



Needle. 


\JI • -Ixi- * -i~ • 


0, 


% 


1 


h. m. 

13 51 

14 6 


69 36-9 
69 36-2 


o ' 

69 387 



Horizontal Force. 





G.M.T. 


H. 


H . 


D 
V 


• 


h. m. 
Xo Xo 

12 42 


1-6949 

1-6955 


1-6925 



SURVEY OF THE BRITISH ISLES FOR THE EPOCH JANUARY 1, 1886. 217 

180. Kildake. May 6 and. 7, 1887; T. E. T. (61, 83). Lat. 53° 9' 25"; 
Long. 6° 54' 30". In the centre of the enclosed ground attached to the ruins of 
the Castle— a plot of ground given by the Duke of Leinsteb, to the town. 







Declination. 






Date. 


2, 


G.M.T. 


a. 


B . 


*,. 


IX « JllXt 

4-6 7 
-2 38 


h. m. 
18 56 
11 7 


21 50-2 
21 50-4 


O i 

22 0-4 






Inclination. 






Date. 


Needle. 


G.M.T. 


0. 


#o- 


May 7 


1 

2 


h. m. 
12 8 

La 2iO 


69 15-0 
69 15-1 


O / 

69 17*2 



Horizontal Jhovce. 



Date. 


G.M.T. 


H. 


H . 


May 7 

- S 

» ? 


D 

> V 
y 


h. m. 

10 39 
19 16 

11 20 


1-7101 
1-7096 
1-7105 
1-7101 


1-7071 

1-7076 



181. Kilkenny. September 7, 1887; A. W. R. (60, 74). Lat. 52° 38' 41"; 
Long. 7° 15' 30". In the centre of the grounds of the Catholic College. 

Declination. 



K» 


G.M.T. 


8. 


Sq. 


h. m. 

+ 1 50 
+ 4 11 


h. m. 
14 42 
16 20 


21 49-0 
21 45-0 


O 1 

21 58-7 



MDCCCXC — A. 



9 v 
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JxLxv» JnL.i Y ¥ * JCv U xj JCV.JGiX\i *ci--i-N JL/ UX\i» JL . Sit* JL JZL V^J-vXT JDJ Vj'x* Xa. xVXxjLvJTJ-i JO A iv 



Inclination* 




Horizontal Force, 



G.M.T. 


H. 

1-7290 
1*7295 


Xxn* 

1*7258 


D 
V 


13 38 

14 58 



182. Killarney. August 11, 1887; A. 1^« E. (60, 74). Lat, 52° 3' 50"; 
Long. 9° 32' -20". In the grounds of the Yictoria Hotel To the E. of the road 
leading from the Hotel to the Lake. 

Declination. 



s. 




a. 


a . 


h. m. 
-10 

+ 3 25 


15 Jio 


2°2 44-1 
22 44*2 


© * 
22 55*8 



Inclination, 





G.M.T, 


e. 


68-56-5 


2 


Jul. Ul» 

13 56 

15 49 


68 54-2 
68 53*1 



'Horizontal Force. 



SS*B!#**<WS^^ 



■y 



G.M.T. 



11* Jill.* 

12 23 

12 59 



TT 



1*7435 
1*7436 



TT 



1*7405 
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183. Kilrush. August 22, 1887; A. W. E. (60, 74). Lat. 52° 37' 56"; 
Long. 9° 29' 40". In a field to the W. of the road from the village to the quay, 
and about half-way between them. 

Declination. 



s. 

h. m. 

+ 4 24 
4- 6 12 


G-.M.T. 


a. 


B . 


h. m. 

16 32 

17 43 

18 33 


23 d-1 

22 59-1 
22 59-3 


o / 

23 11-4 



Inclination. 



ISTeedle. 


\^A • jLtJL » JL, • 


0. 


O . 


1 

2 


h. m. 

15 50 

16 10 


6°9 20-5 
. 69 20-3 


o / 

69 23-2 



Horizontal force, 



G.M.T. 


H. 

1-7124 
1-7123 


-H.Q. 


D 
V 


h. m. 
18 5 
17 31 


1-7090 



184. Lbbnanb. August 31, 1887; A. W. B. (60, 74). Lat. 53° 35' 43";. Long. 

9° 42' 28". On the Green, immediately in front of the Hotel. 





Deem 


ration. 




* 


\Jk » XVX. * i. # 

h. in. 

14 31 

15 3 


23 24-0 
23 24-5 


■ £ . 

o / 

23 36*2 


h. m. 
-f 1 34 
4- .3 10 



2 F 2 



liZSj 
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Inclination, 



Needle. 


v*4 * JJUL * JL » 


0. 

70 5*3 


#0* 


1 


16 2 


70 8*0 



Horizontal lorce. 



G.M.T. 


1*6545 


H . 


Y 


h. m. 
15 50 


1*6512 



185* Limerick. August 20, 1887; A. W. B.'(6.0, 74). Lat. 52° 39'- 13"; Long. 
8° 38' 46" In a field at Summerville, the residence of J, Bannatyne, Esq. 
The same position as in the survey of 1838. 

Declination. 



2. 


v»4 *JkfJu* JL * 


3* 

22 24*2 
22 24*8 
22 24*8 
Ji2i ^o*4 


8 . 


h. m. 
-1 27 


11 » XXI • 

11 50 

12 42 

13 57 

lo Xo 


O ' 

22 36*6 



Inclination, 



Needle, 


G.M.T. 


0. 


#o* 


1 

2 

, — 


h. m. 
14 32 . 
14 53 


69 5*9 
69 6*1 


o * 

69 8*8 



Horizontal Force. 



G.M.T. 




„. .,«.,.. X,.. -.. -., 

H . 


D 

y 


h. m. 
12 27 


1*7266 
1*7271 


1-7235 
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186. Lisdoonvarna. August 23, 1887; A. W. B. (60, 74). Lat. 53° 1' 47" ; 

Long. 9° 17' 34". In a field behind the Queen's Hotel. 

Declination. 



Jmt* 


y^A • JJfji * JL • 


B. 


B . 


h, m. 

+ 4 17 
+ 5 25 


h. m. 
16 17 
18 26 


2°2 48*1 
JLu 45*« 


o t 

JLZ 5o*5 



Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 


h. m. 
17 25 
17 46 


69 30-3 
69 28*4 


O I 

69 31*8 



Horizontal Force. 



\J?T»JLtJL* JL * 


H. 


TT 

Xl . 






h. 


Hi. 






D 




18 


51 


1*7078 


1*7042 


■yy 




16 


35 


1*7073 



187. Lismoke. August 1, 1887 ; A. W. K. (60, 74). Lat. 52° 8' 15" ; Long. 7° 55' 12 

In a field, quarter of a mile E. by S. of the Cathedral. 



// 



Declination. 



Jw* 


\Jf « JLiUL • JL # 


a. 


Sq. 


h. m. 
-3 29 


h. m. 
10 23 
13 24 


o * 

21 54*1 
21 54*0 


O 1 

22 5*5 
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Inclination. 



Needle. 


G.M.T. 


e. 


Q . 


1 

2 


h. m. 

11 52 

12 16 


6°8 46-2 
68 45-6 


o / 

68 48-6 



Horizontal Force. 





G.M.T. 


H. 


H . 


D 
V 


h. m. 
12 52 
10 49 


1-7463 

1-7455 


1-7427 



188. Londonderry. August 20, 1887 ; T. E. T. (61, 83). Lat. 55° 1' 24" ; Long. 
7° 18' 6". In a field adjoining the Moville Road, about 2 miles from Deny, and 
between the Road and the Lough. Boom Hall Lodge Gate 70° E. of N. ; 
distant 50 yards. Boom Hall 35° W. of S. ; distant 400 yards. 





Declination. 




s. 


G.M.T. 


8. 


«5 . 


h. m. 

- 25 

+ 1 52 

i 


h. m. 
12 52 
14 13 


2°2 35-5 

22 38-7 


O 1 

22 50'5 




Inclination. 




Needle. 

1 

2 


\J » JLV JL • -L. • 


6. 


$ . 


h. m. 

15 28 
15 56 


70 24-6 
70 24-2 


O J 

70 26-9 




Horizontal Force. 




GJ 


l.T. 


H. 

1-6368 
1-6365 
1-6376 
1-6367 


H . 


D 

V 

y 


h. m. 
16 21 

13 22 
13 49 


1-6333 
1-6338 
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189. Oughterard. August 27, 1887; A. W. R (60, 74). Lat. 53° 26' 10"; 
Long. 9° 19' 1". On the shore of Lough Corrib, to the E. of the Town; on 
limestone. 

Declination. 



JL, 


V*4 * JliuL * JL • 


■ ■ i 


* ■■■ , , , , 

S . 


h. m. 
4-3 11 
4-3 25 


h. m. 
17 

* • 


2°3 28'0 
23 29*5 


I 

23 40*6 




Inclination, 




Needle. 


\^A • JLVJL • JL • 


6. 


O . 


2 


h. m. 

18 1 

18 28 


6°9 541 
69 54*2 


O 1 

69 56*7 



Horizontal Force. 



G.M.T. 


XT 


TT 


V. 


h. m. 
17 15 


1*6795 


1*6762 



190. Parsonstown. August 4 and 5, 1887 ; A. W. R (60, 74), Lat. 53° 5' 47"; 
Long. 7° 54' 57''. In the grounds of Birr Castle, near the meridian mark used 
for the telescope of the Earl of Rosse. 

Declination. 



Date. 


AN't 


V*J • -A.YJL • JL • 


8. 


S . 


August 4 
?j 5 


h. m. 

(18 20 G.M.T.) 
(10 40 „ ) 


h. m. 

18 49 
11 7 


o 

22 14*8 
22 163 


o o 

22 270 
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Inclination. 



Date. 


Needle. 


G.M.T. 


e. 


% 


August 5 


1 


h. m. 

13 8 


o I 

69 27-8 


69 30-3 



Horizontal Force. 



Date. 


G.M.T. 


H 


H . 


August 5 


D 
V 


h, m. 

12 8 

11 27 


1-7022 

1-7020 


1*6989 



191. Sligo. May 13, 1887 ; T. E. T. (61, 83). Lat. 54° 16' 34" ; Long. 8° 28' 36". 
On a promontory in the harbour, to the W. of the town, and about a quarter of 
a mile distant from the bridge. 

Declination. 



-Zj-. 


G.M.T. 


a. 


B . 


h. m. 

-1 46 

+ 1 44 


h. m. 

12 24 

13 53 


22 55-0 
22 539 


/ 

23 4-6 



Inclination. 



Needle. 


G.M.T. 


<9. 

70 15-4 
70 16-3 


#o- 


1 

2 


h. m. 

11 35 

12 2 


/ 

70 17-8 



Horizontal Force. 



G.M.T. 


TT 


XT 
±l . 


D 
V 


h. m. 

13 23 
12 39 


1*6453 
1-6461 


51-6430 
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192. Strabane. August 22, 1887; T.E.T. (61, 83). Lat. 54° 49' 48"; Long. 7° 28' 20". 
In a field midway between the Railway Station and the Bridge at Lifford. 
Railway Station bore 300 yards E.S.E. (mag.); Bridge, W.N. W. (mag.); and 

Church at Lifford, N.N.W. (mag.). 



Declination. 





G.M.T. 


a. 




h. in, 

- 17 
-f 1 1 


b. m. 

12 33 
16 21 


22 84-3 
22 32-6 


O 1 

22 46-9 



nation. 



Needle. 


G.M.T. 


a. 


e . 


1 

2 


h. m. 

14 44 

15 20 


70 '20-4 
70 21-7 


O i 

70 23-5 



Horizontal Force. 



G.M.T. 


H. 


-tin. 


D 

V 


h. m 
15 55 
12 46 


1-6391 

1-6380 


1-6352 



19 



3. Tipperary. August 3, 1887, A. W. R (60, 74). Lat. 52° 28' 36"; Long. 8° 9' 12". 
1st Station. In a field on the W. side of the road to Limerick Junction, about a 
third of a mile from the point at which it crosses the railway. 2nd Station. In 
a field opposite the Hotel. 

Declination. 



2u. 

b. m. 

+ 5 52 


G.M.T. 


a. 


S . 


h m. 
19 1 


22 11-1 


22 22*6 



MDCCCXC. — A, 



2 a 



£*$ W %Jf 
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Inclination* 



.Needle. 


G.M.T. 


0. 


<V 


1 

2 


h. m, 

12 42 

JLo JLo 


69 2 ; 2 
69 2*6 


O ' 

69 4*9 



Horizontal force. 



GMT 


H. 


H . 






b. 


m. 






D 




11 


59 


1*7317 


1*7287 


V 




11 


11 


1*7321 


D 




20 


LD 


1-7292 


1*7258 


y 




19 


41 


17289 



194 Tbalee. August 19, 1887; A, W. R. (60., 74). Lat, 52° 16' 15"; Long* 

9° 44/ 30". In a field about a mile to the W. of the town. 



Inclination, 



Needle. 


f 1 TVf T 


0. 


% 


1 

2 


k m, 

14 10 


69 7 ! 7 
69 5*6 


O * - 

69 9*4 



195. Valentia. August 16 and 17, 1887 ; A. W. R. (60, 74). Lat. 51° 55' 34"; 
Long. 10° 17' 40": Lat. 51° 55' 22"; Long. 10° 17' 25". Station 1. On the 
cliffs to the N. of the town. Station 2. In a field to the S. of the town. 



Declination, 



Date. 


Jw. 


G.M.T. 


a. 


a . 


Aug. 16 (1) 
» 17 (2) 


h, m. 

+ 5 19 

-1 25 

i™ JL O js 


h. m. 

18 44 

13**2 
lo o / 


- 23 4«1 
23 33 

«o X 

23 4*2 


o t 

23 16-0 
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J 


vwlination. 






Date. 


Needle. 


O-MT 


0. 


% 


Aug. 17 (2) 


1 


12 8 


68 52-9 
68 50*4 


o / 

68 547 



Horizontal Force, 



"•""* — *- — ' "■*"• "'"• ■*""* ""*"• — ' 

Date. 


\«A * -Ix*- * JL. * 


TT 


JUL A* 


Aug. 17 (2) 


y 


Xo aO 

13 48 • 


1*7485 
1*7478 


1*7452 



196. Waterfoot. August 25 ? 1887; T. E. T. (61, 83). Lat. 55° 3' 11"; Long. 
6° 2/ 32", The Declination was taken on the shore, and before the Chapel ; 
the Forces in the road to the N* of the Chapel 

Declination, 





GMT 


S. 


a . 


11 * JJUt* 

4-2 11 


14 59 


22 rs 


o i 
OO 1 £.1 

■M* -PIP «A* Vhr' wnkal 



Inclination, 



Needle. 



1 
2 



VjT»A£I** JL « 



II * 111 « 

16 38 

16 55 



e, 



70 26'3 

70 26*5 



% 



70 29*0 



Horizontal Force. 



\*A * JLtJU * JL * 


H* 


TT 

JLJLn, 


v 


16 3 


1*6326 


1*6293 



2 g 2 
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197. Waterford. August 2, 1887; A. W. B. (60, 74). Lat. 52° 16' 54"; Long. 
7° 8' 41". In a field on the E. of the Kilmacow Road near the junction of 
the Lower Limestone and Shale. About a third of a mile from the junction of 
the Limerick and Kilkenny Railways. 

Declination. 



2. 


G.M.T. 


8. 

21 151 

21 17-7 


B . 


li. m. 

- 1 44 
-f 2 17 


h, m. 
12 7 
14 40 


/ 

21 27'9 



Inclination. 



Needle. 


G.M.T. 

h. m. 
11 44 
14 12 


0. 


O . 


1 

2 


68 49 : 6 

68 52-5 


o / 

68 53-7 



Horizontal Force. 



\j{ » -iy j. • jl • 


H. 


hi . 


D 

V* 


h. m. 
12* 31 


1-7362 
1-7361 


1-7329 



198. Westpoet. Mav 9 and 10, 1887; T.E.T. (61, 83). Lat.53°48'8"; Long. 9° 31' 17". 
In the demesne of the Marquis of Sligo, and about 100 yards from the main 
entrance from the town. 

Declination. 



Date. 


-2j. 


Vv* • JLt JL • JL » 


a. 


6 o- 


May 9 


h. m. 

+ 4 48 
- 1 55 

+ 2 4 


17 54 
11 10 
14 13 


/ 

23 5-5 
23 4-2 
23 5 4 


o / 

23 15-1 
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Inclination. 



Date. 


Needle. 


V_^ # XVJL* JL, • 


0. 


e . 


May 10 


1 

2 


h. m. 

Xo diO 

13 42 


70 16*9 
70 15-5 


O 1 

70 17-9 



Horizontal Force. 



Date. 




G.M.T. 




XJ . 


h : 








h. 


m. 






May 10 


D 




12 


21 


1-6536 
1-6529 


1-6505 


Q 

„ 10 


Y 
V 




18 
11 


10 
25 


1*6545 
1-6537 


1-6514 



199. Wexfobd. September 8, 1887; A. W. K. (60, 74). Lat. 52° 21' 27"; 
Long. 6° 27' 18". On the limestone on the opposite side of the river (Ardcavan) 
to the Town. In a field on the Western side of the main road, about a quarter 
of a mile N. of the point where the roads to the Wooden Bridge and Ferry 
Bank unite. 

Declination. 



2. 


VJ *JLtJL* JL • 


B. 


a . 


h. in. 

+ 4 24 


h. m. 
17 12 


2°1 6*4 


21 181 




Inclination. 




Needle. 


G.M.T. 


e. 


e . 


1 
2 


h. m. 
18 2>2i 

18 41 


68 55*0 
68 51*6 


O / 

68 56*2 
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Horizontal Force. 



G.M.T. 


H. 


H . 


Y 


h. m. 

17 49 


17358 


17324 



200. Wicklow. September 9 and 10, 1887 ; A. W. R. (60, 74). Lat. 52° 58' 53" ; 
Long. 6° 3' 30". Half a mile W. of the town, in a field on the N. side of the 
road through Ballynerrin, opposite to and a little beyond the old Roman 
Catholic Chapel. 

Declination. 



Date. 


2. 


G.M.T. 


8. 


a . 


Sept. 9 


h. m. 

+ 5 18 
-1 55 


h. m. 

18 5 
10 55 


21 5*0 
21 14-4 


O I 

21 21*4 



Inclination. 



Date. 

* 


Needle. 

1 

2 


G.M.T. 


0. 


0Q. 


Sept. 10 


h. m. 

11 44 

12 11 


69 7'6 
69 6*9 


O 1 

69 9-9 



Horizontal Force. 



Date. 


G.M.T. 


JLJ, » 


H . 


Sept. 9 


D 
Y 


h. m. 

18 49 

18 18 


17155 
17165 


17126 
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Supplementary Stations. 



(Dips only observed. T. E. T. (83).) 



201. Chepstow. April 22, 1889. In the courtyard of the Castle. 



Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 

18 9 
18 26 


6°7 51-9 
67 51-9 


O 1 

67 57*5 



202. Goodrich Castle. April 19, 1889. On the Barbican. To the East of the 

entrance to the Castle. 

Inclination. 



Needle. 


G.M.T. 


0. 


O . 


1 

2 


h. m. 
16 47 
16 52 


68 3-3 

68 3-5 


O I 

68 90 



203. Hereford. April 17, 1889. On the slope of Aylstone Hill overlooking Lugg 
Meadow. About a mile from Hereford, and down a short lane which leads past 
Lugg Vale, the residence of Mr. Hawkins. 

Inclination. 



Needle. 


G.M.T. 


0. 


0Q. 


1 

2 


h. m. 
16 1 
16 20 


68 10-2 
68 9-9 


O 1 

68 15*6 



OQC> 
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. Boss. April 18, 1889. In the garden of the Royal Hotel. South of the house 

and between the large yew and the wall of tke Prospect, 



Inclination. 



Needle. 


V_T * -OUL * JL • 


e. 


e , 


1 

2 


h. m. 

12 29 

13 5 


68 2*2 
68 0-5 


o / 

68 6-9 



* Tintern. April 22, 1889. On the Monmouth Road, above the Railway 

Station. 



Inclination. 



Needle. 


G.M.T. 


0. 


. 


1 

2 


h. m. 

13 30 
13 49 


G7 56-2 

67 55-2 


o / 

68 1-3 
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Calculation of the Isomagnetic Lines. 

(1.) The Isogonal Lines. 

The isogonals, isoclinals, isodynamics and lines of equal Horizontal Force are 
drawn through points, at which the values of the magnetic elements to which they 
refer are equal. A general term which shall include them all would be useful, and we 
venture to suggest isomagnetie as the most obvious and convenient. In nothing do 
different magnetic surveys differ more widely than in the methods employed of 
drawing these lines. Some observers have calculated them by least squares ; others 
give maps on which they are exhibited, but say nothing about the principles in 
accordance with which they have been drawn. But, inasmuch as the main object and 
result of a survey is the delineation of these isomagnetics, it seems to us that it is 
most important that they should be drawn with all the accuracy that the observations 
will allow. Before proceeding to discuss the method of doing* this, it will be well to 
consider the exact meaning to be attached to the operation, and to attempt to give 
greater precision to the language in which the various curves, and the physical 
phenomena which they represent, are described. 

If we suppose that a series of magnetic curves are drawn, in which all distortions 
due to local magnetism are neglected, except those which are on a scale comparable with 
the dimensions of the earth itself, they would be the terrestrial isomagnetie lines ; on 
the other hand, lines which showed every disturbance, however large or small, would 
be the true isomagnetie lines. 

The object of a survey is to determine as nearly as possible the forms of the true 
lines, and to deduce from them the directions of the terrestrial lines in the district 
under investigation. Between these two extremes various grades of accuracy of 
detail intervene, and the terrestrial lines may be regarded as affected with distortions 
of different orders due to disturbances of various magnitudes. lb is of course 
impossible to frame definitions which shall accurately distinguish between them, but 
it is nevertheless convenient to recognise three classes, into which they may be 
divided with respect to any particular survey. 

We may regard a disturbance as being of the third, second, or first class according 
as its range is less than the average distance between the stations, greater than this 
distance, but small compared with the dimensions of the entire area under survey, or 
such as to involve the whole or a considerable fraction of that area. 

The term heal may be reserved for disturbances of the third class, which affect 
only a single station or its immediate neighbourhood, and are represented by minor 
bends or small loops in the isomagnetie curves. 

Those of the second class may be called regional disturbances. They are repre- 
sented by considerable distortions of the curves, but do not seriously interfere with 
the determination of the general direction or average distance apart of the terrestrial 

MDCCCXC. — A. 2 H 
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lines. A disturbance of the first class is however an obstacle to any inference as to 
the relation between the true and the terrestrial carves. It may distort them 
similarly, and so lead to false conclusions as to their undisturbed directions, or it may 
introduce such widespread and important irregularities that any conclusion deduced 
from the data afforded by the survey would be manifestly uncertain. 

It is to be noticed that the same cause may produce disturbances of different 
classes in the lines corresponding to different elements. Thus a broad band of 
magnetic rock at right angles to the magnetic meridian, the extremities of which lay 
outside the district under investigation, would produce little effect on the Declination, 
but might affect the Dip to a much larger extent. 

If an equation can be found to a family of curves which represents, as closely as 
possible, the general direction of the true isomagnetics of a particular kind throughout 
the whole country, the curves are the nearest approach to the terrestrial lines which 
can be deduced from the observations. The undulations of the district lines on each 
side of these are evidence of regional disturbances, while the still more sinuous lines 
obtained by joining the points calculated as corresponding to any particular value of 
the element from the values in two neighbouring stations are influenced by the local 
disturbances also. 

If the district under survey is very small, the assumption that the terrestrial lines 
are straight is very approximately true, but the nature of the curve indicated by a 
straight line on a map depends on the projection on which the map is drawn. 

The English observers have generally determined the position of the station by its 
distance north or south of a particular line of latitude, and east or west of a 
particular meridian, both distances being expressed in geographical miles. That this 
system is open to objection is evident by considering its application to a simple ideal case 
in which the geographical meridians are themselves supposed to be the isogonal lines. 
It would evidently be better under such conditions to take the latitude and longitude 
as coordinates, and inasmuch as in the neighbourhood of the United Kingdom there 
is an approximation to such an arrangement, it is probable that the latitude and 
longitude are at least as convenient as any other data for the determination of the 
position of the stations. By this plan also, we are saved the trouble of converting 
the longitude east or west of Greenwich into miles east or west of the prime meridian. 
We have therefore taken the latitude and longitude as our coordinates. 

In the next place it is, we think, important to find the general equations to the 
isomagnetic lines, but it would be difficult to determine their form with sufficient 
accuracy by a graphical process. We therefore decided to trace them by a pre- 
liminary process of calculation which was carried out as follows. 

The country was divided into nine overlapping districts bounded by lines of latitude 
and longitude. If the stations within any district were not uniformly distributed, they 
were weighted, so that the weighted number of stations per unit of area should 
be everywhere about the same. In speaking of the mean value of any quantity in a 
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district, it will be understood that the values appropriate to any station are throughout 
properly weighted. The means of the latitudes^ longitudes, and decimations deter- 
mined the central station of the district arid the declination at that station (S '). It 
was then assumed, if V and X' be the district coordinates of a station, i.e., the 
differences between its latitude and longitude and those of the central station, 
that the declination is connected with these quantities by the linear equation — 

§ = S ' -J- xT + yV. 

Two equation^ of condition were then formed by adding the equations thus 
obtained — (1), for all stations to the north of the central station ; (2), for all stations 
to the east of it, and dividing by the number of stations employed, each multiplied by 
its proper weight. 

By solving these for x and y, the rates of change of the Declination per degree 
of latitude and longitude respectively were obtained.* 

To test this method, it was applied in the case of the Dips to the whole of Scotland. 
This portion of Great Britain furnished a severe test, as from the irregularity of 
its form it is not particularly well adapted for the application of the method of 
equations of condition. The calculation was also made by the method of least squares. 
Both calculations were repeated twice, viz., with and without the inclusion of Soa and 
Canna, at which the local disturbance is very consirdeable. The central station was 
not that given by the mean latitude and longitude, but that obtained from Welsh's 
Dip observations, viz., lat. 56° 48' N. ; long. 4° 19' W. Iq. this particular again, the 
conditions of the selected example were unfavourable to the method of equations 
of condition. 

In the following Table, u is the angle made by the lines of equal Inclination with 
the geographical meridian, r is the change in Inclination (expressed in minutes) per 
geographical mile, measured at right angles to the isoclinals, and O ' is the Dip at the 
central station : — 



Including Soa and Canna 



Excluding Soa and Canna 



Least squares . * . , 
Equations of condition 

Least squares. . 
Equations of condition 



*<>'• 



o 



71 97 
71 91 

71 8-0 
71 7-8 



u. 



h 23 

68 7 

72 49 

72 42 



r. 



0*625 
0-670 

0-595 
0-609 



* A plan very similar to that above described was employed by Dr. van Rijckevorsel in working up 
the results of his survey of the Indian Archipelago (' Magnetische Opneming van den Indischen 
Archipel in de Jaren 1874-77, gedaan door Dr. van Rijckevorsel.' Amsterdam, J. Muller, 1879). 

2 H 2 
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These results prove that in this case, at all events, the differences between the 
results of the two methods of calculation are not greater than those produced in the 
numbers given by the method of least squares according as stations affected with 
considerable disturbances (23' and 76' respectively), and amounting to 4 percent, only 
of the total number, are included or excluded. 

We do not think, therefore, that it is in general advisable to use so cumbrous a 
method as that of least squares, when the addition of a station or two may modify the 
results to an extent far exceeding the error with which numbers obtained by the 
equations of condition are likely to be affected. If, however, the district under 
investigation is of such a shape that the effects of change of latitude and longitude 
respectively cannot be easily separated, it may be desirable either to modify the rule 
for obtaining the equations, or to employ least squares. 

In the case of a district so large as Scotland there is another objection to the use 
of least squares, viz., that the fundamental assumption on which that method is 
based is almost certainly not true when applied to it. We shall show hereafter, as is 
indeed already known for other districts, that the errors are not irregularly distributed 
over the entire area, but that large fractions of the whole are affected with errors of 
a particular kind. We cannot, therefore, regard the employment of least squares as 
theoretically better, while it is certainly practically more inconvenient than the 
method of equations of condition. The following Table contains the boundaries of 
the nine districts, the latitudes and the longitudes of the central stations, the values 
of the Declination at the central stations (S ') ? and of the change in Declination per 
degree of latitude and longitude (d8'/dl and dh'/d\) both expressed in minutes of arc. 









«JLu ..A.. «j» ■ JM~*J * ' * •*-■ 


j v. 












Boundaries. 


Central Station. 










District. 








^c 


i 


dB f 


dh } 










) - 


x ~iir 


y d\ 




Lat. N. 


Long. 


Lat. 1ST. 


Long. W. 










I. 


O 1 

All So 


o o 

otland 


56 48*0 


4 19*0 


o 

21 


38*8 


14*5 


40*1 


II. 


54 to 57 


to 6 W. 


55 27*3 


3 41*6 


20 


55*6 


16*7 


36*4 


III. 


52 55 


5 W. 


53 26*7 


2 26*0 


19 


39*0 


15*5 


33*6 


IV. 


50 53 


2B. 3W. 


51 47*7 


17*5 


18 


6-6 


17*4 


28*9 


y. 


53 55 30 


5 W. 10 W. 


54 2*9 


7 36*5 


22 


41*3 


17*2 


32*5 


VI. 


52 55 


3W. 8W. 


53 29*0 


5 43*0 


21 


25-6 


20*9 


31*6 


VII. 


49 52 


1W. 6W. 


50 47*0 


3 1*1 


19 


62 


17*8 . 


ao y 


VIII. 


51 54 


5W. 11 W. 


52 57*1 


8 131 


22 


35*0 


27*3 


30*1 


IJ\.. 


50 53 


3W. 8W. 


51 49*5 


4 47*4 


20 


19*7 


22*4 

t 


29*2 



In District I., on account of its irregular form, the method of equations of condition is 
not very suitable, and the method of least squares has been used. In order to compare 
this with the formula obtained by Balfour Stewart from Welsh's observation the 
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same coordinates have been employed as he used (the geographical-mile system), hence 
the values of dS'/dl and dh' jdk can only be considered as applying to the central stations. 
By means of the first the Declination at any point on the meridian through that 
station can be calculated, and for other points on the parallel of latitude passing 
through such a point, the formula y = y cos Ij cos l must be employed where y 
and l refer to the central station. In all the other districts the values of x and y 
are valid for the whole district. 

By means of these formulae the Declination was calculated for all points within the 
United Kingdom defined by whole degrees of longitude and half degrees of latitude, 
e.g., for lat. 50° 30', long. 2° E., 1° E., 0, 1° W., and so on. Where the districts 
overlapped the means of the numbers thus obtained were taken. All these values 
are given in the following table. The figures in brackets at the end of a row 
indicate the number of the district from which it was deduced. Where two or more 
districts overlap, the individual declinations are given in italics and the mean in 
ordinary type. 

Throughout the central parts of the kingdom the agreement between the numbers 
given by the linear formulae proper to different districts is sufficiently close to leave 
little doubt that the mean cannot be more than 1' or 2' wrong. Where greater 
differences appear it is generally easy to account for them. Thus, lat. 53° 30', 
long. 10° W. is in the highly disturbed region in the west of Galway. Lat. 52° 30', 
long. 0°, is close to a remarkable and hitherto unsuspected disturbance in the eastern 
counties, of which we shall have more to say hereafter. The large differences on the 
border of Districts I. and II. (lat. 56° 30') are, perhaps, in part due to the irregu- 
larities in the shapes of these districts owing to which the formulae are not obtained 
under favourable conditions. Both the other elements, however, agree with the 
Declination in indicating violent local disturbance in this region, and there can be no 
doubt that the discrepancies are due to a physical cause. 
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Table VI. — Declinations Calculated 



Lat. 


Longitude. 


10° W. 


9* 


8 s 


7°. 


6°, 


f-O 




60 30 
59 30 


9 ' 


O / 

i 


,9 .' 


/ 


o / 

23 7*9 


22 29*6 






j 

j 
1 






58 30 


* 


: 

! 




(1) 23 46-2 




57 30 


. 


j 


(1) 24 13-7 


23 34-4 


uu OO'X 


22 15-8 

22 16 

22 1-7 
22 1-6 




56 30 




i 


(1) 24 2*8 


23 22*4 
22 46-3 


(2)22 38-1 

22 40-0 




55 30 






(5) 23 18-7 


(2) 22 21-4 
22 13-8 (5) 
22 17*6 


21 45-0 




| 54 30 

f 


. 


(5) 23 34-0 


23 1-5 


22 29-0 
(6) 22 27-4 


(2)22 4-7 
21 56-5 (5) 
21 55'8 
21 59-0 


21 28-3 

21 24-2 
21 262 




| 

53 30 

1 


(5) 28 492 

(8) 23 43-7 
23 46*4 


23 16-8 

23 13 6 
23 15*2 


22 43-3 

22 43-5 
22 434 


22 11-8 

(6)22 65 

22 13-4 

22 10-6 


21 39-3(5) 
21 349 ' 
21 43-3 (8) 
21 39-2 


21 3*4 




! 
i 

52 30 


(8) 23 16-4 


22 46-3 


22 16*2 


(6) 21 45-6 

21 46-1 

(9) 21 39'4 

21 43-4 


21 14-0 

21 16'Q(S) 
21 10-2 
21 1S'4 


20 42-4 

20 41-0 
20 41-7 




51 30 


(8) 22 49-1 


22 190 


21 48-9 


21 18-8 
(9)21 170 

21 17 9 


20 48-f (8) 
20 47-8 

20 48-2 


20 18-6 

(7)20 16-3 
20 17-4 




50 30 








(9) 20 54-6 


20 25-4 


19 56-2 

(7) 19 58-5 
19 57-3 




49 30 












(7) 19 407 
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from the District Lines. 



Longitude. 


Lat. 




4°. 


3°. 


2°. 


1°. 


0°. 


1°E. 


2°. 




1 


(1) 2°1 46-6 


21 10-0 


20 34-0 


19 58-0 (1) 


O 1 


' 


60 30 




(1) 22 6-2 


21 29-2 


20 52-0 


20 14-9 (1) 




— _ 




59 30 




21 51-4 


21 132 


20 34-9 


19 56-7 (1) 






58 30 




21 36-5 


20 57'2 


20 17-9 


19 38*6 (1) 








57 30 




21 21'2 
21 253 
21 232 


20 40'8 
20 48-9 

20 448 


20 04 
20 125 

20 6*4 


19 20'0(1) 
19 36-1 (2) 
19 28-0 








56 30 




21 8-6 


20 32-2 


19 55*8 


19 19-4 (2) 








55 30 




20 51'9 
(3) 20 47-9 
20 52'7 (6) 
20 50-8 


20 15'5 
20 14-3 

20 14 9 


19 39-1 
19 407 

19 39-9 


19 2'7 (2) 

19 7-1 

19 4-9 


18 33-5 (3) 






54 30 




(3) 20 32 4 
20 31'8 (6) 

20 32-1 


19 58*8 


19 25-2 


18 51-6 


18 18*0 (3) 






53 30 




20 10-8(6) 
(3)20 169 

20 11-8 
20 13-2 


19 433 
(4) 19 37 1 
19 426 (9) 
19 41-0 


49 97 
19 8'2 

19 9-0 


18 36-4 
48 39-3 

18 377 


18 2-5 (3) 
18 404 

18 6-4 


17 41-5 


17 12-6 (4) 


52 30 




19 49'4 

19 47-4 
19 48-4 


19 20'2 (9) 
(4) 19 19-7 
J 19 18'5 
19 19-5 


18 50-8 
18 49-6 
18 50-2 


18 21-9 
18 20-7 (7) 
18 21-3 


17 53-0 


17 241 


16 55-2 (4) 


51 30 




19 27 

19 29-6 
19 28*3 


18 57-8 (9) 
(4) 19 23 

19 0'7 
19 0-3 


18 334 
18 318 
18 32-6 


18 4-5 
18 2-9 (7) 
18 3*7 


17 35-6 


17 &7 


16 37-8 (4) 


50 30 




19 11-8 


18 42-9 

— -X!m» 


18 14-0 


17 451 (7) 








49 30 
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Isogonal lines were next drawn by the aid of the mean values of the Declination 
given in this Table, the points at which they intersect any particular line of latitude 
or longitude being calculated on the assumption that the rate of change of the Declina- 
tion with latitude or longitude may be regarded as constant over a single degree. The 
curves thus obtained are shown in dotted lines in Plate II. As they were deduced 
from the linear district formulae they may be called the district curves. 

By drawing a smooth curve to coincide as nearly as possible with any one of the 
longer of these broken district curves, a close approximation to the corresponding 
isogonal could be obtained, but in order that the intervals between the curves might 
be properly spaced out, it was thought better to obtain a general formula by which 
they could be expressed. 

It appears from Table V., p. 236, that y increases with the latitude, but is nearly 
independent of the longitude. The values of x are more irregular. After several 
trials it was found that the mean Declinations at the central stations of the various 
districts could be reproduced very accurately by means of the formula, 

• 8 == 19° 11/ + 19'\L (I — 49*5) — 3''5 cos {45° (I — 49*5)} 
+ {26 / -6 + 1''5 (I — 49*5)} (X — 4), 

where I and X are the numerical values of the latitude and longitude expressed in 
degrees and fractions of a degree. 

It must be distinctly understood that this formula has no theoretical value except 
in so far as it expresses satisfactorily the equation to smooth curves drawn according 
to a definite rule to represent the general form of the broken district curves. 

In applying it to the various stations the curves given by the periodic terms were 
drawn, and the values corresponding to the latitude and longitude of each read off. 
It is possible that errors of 0'*2 or 0''3 may have occurred in this process. The mean 
values of the Declinations at the central stations of each district are in the following 
Table compared with the results given by the formula. 



District. 


Declination at central station. 


Difference. 


Mean of values 
observed in district. 


Calculated, 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 


21 38-8 

20 55-6 
19 39-0 

18 6-6 

22 41'3 

21 25-6 

19 6*2 

22 35-0 

20 197 


2°1 39*4 

20 54-1 
19 38-9 

18 4-4 
22 41-5 

21 26-5 

19 5-6 

22 34-4 

20 19-8 


-06 
+ 1-5 
+ 0-1 

+ 2-2 
-0-2 
-0-9 
+ 0-6 
+ 0-6 

-o-i 
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In District III. we included Stonyhurst : in District IV. Greenwich, Kew, and 
Berck-sur-Mer, and in District VII., Cherbourg. The data for the French stations 
were those given by M. Moureaux, reduced, of course, to January 1, 1886. 

The values of the constants in the equation were not finally chosen until the 
Declination had been determined by means of a preliminary formula closely agreeing 
with that given above for all the points indicated in Table VI., pp. 238-9, and the 
values given by it and by the district curves compared. Over the greater part of the 
country the agreement is extremely close. It is not necessary to reproduce the numbers 
here, as in Plate II. we have plotted down, both the broken district curves, and 
also the smooth curves given by the equation. The former are dotted, the latter are 
continuous lines. The agreement is all that can be desired, except, perhaps, on the 
coast of Norfolk, and on the west and north coasts of Scotland. 

Taking, however, the English Channel first into consideration, we have calculated 
the points at which our 16° 53', 17° 53', etc., isogonals cut lat. 50°. When secular 
change is thus allowed for, these correspond to the positions of the 17°, 18° isogonals 
on January 1, 1885, i.e., with those of M. Moureaux. We have also measured the 
corresponding points from his map. The result is shown in the following Table : — 



Isogonal 
Jan. 1, looo. 


Longitude from Greenwich. 


R. and T. 


Moureaux. 


o 

17 

18 
19 
20 


o / 

1 17 E. 

■0 55 W. 

3 7 W. 

5 19 W. 


O 1 

1 9E. 

"'57 W. 

2 55 W. 
4 58 W. 



The 20° isogonal does not pass through France, and, therefore, M. Moureaux's 
map is not of special authority on its direction, but there seems no doubt that while 
the 18° isogonals cut latitude 50° at the same point, there is a considerable divergence 
between the others. 

According to the general formula, 27 /, 35 is the change of Declination per degree of 
longitude on lat. 50°. The two Channel Districts in Table V., p. 236, viz., VII. 
and IV. agree in giving 28'*9 for this number, and if we take this as correct and 
adhere to 55' W. for the 18° isogonal, we obtain the following values : — 



Isogonal. 


R. and T. 


Moureaux. 


o 


o / 


o ; 


17 


1 10 E. 


1 9E. 


18 


55 W. 


57 W. 


19 


3 0W. 


2 55 W. 


20 


5 5 W. 


4 58 W. 



MDCCCXC. — A. 



AW A 
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These are in much better accord than those obtained from the general formula, 
and the conclusions which may be drawn from them are that in latitude 50°, 
(1.) M. Motjreaux's lines are certainly not too far to the west ; 
(2.) And our 17° isogonal is not too far to the west. 

Both these conclusions are important. M. Motjjreaux believes that there is what 
we should call a considerable regional disturbance in Brittany. The isogonals drawn 
by him sweep out to the west in the western part of France and do not resume their 
normal course until they have reached the English coast. In the English Channel, 
therefore, they are deflected to the west, and as both our district lines, and to a much 
more marked extent our terrestrial lines are still further west, it is evident that 
ML Moubeaxtx has not in any way exaggerated the westerly tendency of the lines in 
the western parts of the Channel, and that, therefore, our observations tend to confirm 
his view. It is probable that our terrestrial curves are in this district a little too far 
to the west, but it must be remembered that lat. 50° is almost outside the region of our 
survey, and that in the Channel Isles, which with Cherbourg, are our only stations 
to the south of it, there are considerable disturbances. 

In fig. 2 the continuous lines are our terrestrial isogonals, which on January 1, 
1886, corresponded to M. Motjreaux's 17°, 18°, etc., isogonals on January 1, 1885, 
the secular change being about 7'. M. Moukeaux's curves are shown with dashes 
and dots, and the hypothetical connections in dots. A satisfactory comparison on the 
borders of the areas of two surveys cannot, however, be made unless there is a closer 
agreement in the methods of working up the results of the observations than there 
is between our own and M. Moure aux's. 

Coming next to the 17° isogonal, we find that on the coast of Norfolk the calculated 
Declinations are generally much lower than the observed values. This would be 
remedied by moving the 17° isogonal further to the east, but the fact that it is 
already to the east of M. Moure atjx's line is a strong argument against such a course. 

It is noticeable that Sir Fked. Evans appears to have found some difficulty in 
this part of the country ('Phil Trans./ 1872, vol 162, p. 330). His curves are shown 
in Plate II. The points at which the isogonals cut lat. 52° are given below, 
and it will be seen that the distance between them is a maximum in the centre 
of England. 



Isogonal (1872). 


Long. 


Difference of 
Long. 


o 

25 




9-54 W. 


o 


24 


7-86 


1-68 


23 


6-16 


1-70 


22 


4'40 


1*76 


21 


2*40 


2-00 


20 


0-40 


2-00 


X «7 


1-47 E. 


1-87 



SURVEY OF THE BRITISH ISLES FOR THE EPOCH JANUARY 1, 1886, 243 



Fig. 2. 




Isomagnetics in the border district of the English and French Surveys, 
R. and T., • — • — Moureaux, hypothetical connections. 



We think the agreement between our calculated and observed curves is too close to 
leave any doubt that in this and neighbouring latitudes the law that the distance 
between the points of intersection with a line of latitude is constant is very approxi- 
mately true. At all events, there is no trace of a change in this distance amounting 
to a quarter of a degree as is shown by the 1872 lines. As the observations on which 
Sir F. Evans's map were based were comparatively few in number and were made 
exclusively at coast stations the accurate delineation of the isogonals was not easy. 
He makes the observed Declinations too small in the eastern counties. If the 
distances between the isogonals had been kept constant the 19° line would have been 
pushed further to the west, and a closer agreement with our observations would have 
been attained. Considering the circumstances under which Sir F. Evans's map was 
drawn, we think the concordance between the general directions of the lines is satis- 
factory. We are also of opinion that our 17° isogonal is not too far to the west, and 
that the fact that in the eastern counties the calculated are less than the observed 
Declinations is due to a real physical cause. M. Moureatjx's results confirm our own 
as to the 18° isogonal, and if we suppose that the easterly tendency of the lines which 





20 


297 


20 


31-3 


20 


337 
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he assumes in the western parts of the English Channel is continued to the Straits of 
Dover, his 17° isogonal and our own would be in practical accord. 

As regards the considerable deviation between the district and calculated terrestrial 
lines in the North of Scotland, we have no hesitation in adhering to the calculated 
lines as being probably the more correct. The masses of basalt and other igneous 
rocks which occur in the West of Scotland and North of Ireland produce a very- 
marked effect on the magnetic elements. The general formula gives the Declination 
at the outlying station at Lerwick almost as accurately as the local district equations 
obtained from Scotland only. The three values are :— 

Observed Declination ....... 

~ , 1,-iT f Local formula .... 
Calculated by < ~ . „ , 

LUeneral formula . . . 

Regarding this station as giving a fixed point it is evident that in drawing the curves 
to it from the South of Scotland, great weight ought to be given to the general law 
which is found to be obeyed with accuracy in Great Britain from the English Channel 
to the Tay, and in the South and East of Ireland. The only way of eliminating the 
effect of regional disturbances of such magnitude as these which exist in Scotland, is 
by studying the shape of the terrestrial lines in adjacent districts. Observations to 
the north of Scotland would be very valuable for this purpose, but as it would be 
difficult to obtain them we think that the results of the general formula must be 
accepted as a close approximation to the truth. We shall return to this subject in the 
discussion of local disturbances. 

(2.) The Isoclinal Lines. 

The isoclinals were obtained in a precisely similar manner to that above described. 
The districts were the same, but the positions of the central stations were in some 
cases slightly different, as at a few places Dips had been observed without Declinations 
and vice versa. 

In District VII. the inclusion of the Channel Isles led to rates of change with 
latitude and longitude so widely different from those obtained elsewhere that it was 
thought better to omit them. When this was done the coefficients assumed normal 
values. We give in the next Table the latitude and longitude of the central stations, 
and the corresponding values of the Dips, and the rates of change of Inclination per 
degree of latitude and longitude. 
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Table VII. 



District. 


Central Station. 


D = O '. 


do' 


do' 


Lat. K 


Long. W. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 


56 48-0 
55 27-3 

53 26-7 
51 47-7 

54 1-4 
53 267 

51 81 

52 571 
51 49-5 


4 19-0 
3 41-6 

2 26-0 
174 

7 39-3 

5 42-0 

3 9-6 

8 13-1 

4 47-4 


71 80 
70 19-6 
69 3*0 
67 45-6 
69 59-8 
69 24-8 

67 41-2 
69 24-3 

68 18*2 


341 
31*9 
361 

40*8 
38-3 
36-2 
38-8 
38-7 
391 


5-8 
8*2 
71 
7-6 
9-8 
6-3 
6'6 
8'5 
6-8 



A general formula was next found to embrace the whole country. For this purpose 
a Table similar to Table VI., pp. 238-9, was prepared, and the district isoclinal lines 
were drawn from it on curve paper, on a purely artificial system, in which all degrees 
of latitude and longitude were regarded as of equal length. When thus drawn the 
mean directions of the isoclinals were nearly straight lines and practically parallel. 

The equation to the 67° isoclinal was 

I - 49°'92 + 0-2 (X- 4) = 0, 

where I and X are the latitude and longitude expressed in degrees and fractions of 
a degree. If then s be the length of the perpendicular on this line from any point, 
the Dip at the station indicated by that point would (if the lines were equidistant) be 
given by the equation 

(9=67+ As, 

where A is a constant. This condition was not fulfilled. The distance between the 

lines increased approximately in the proportion of their distance from the 67° line, 

but a small periodic term was necessary in addition to this correction to produce the 

desired accuracy. 

The following plan was finally adopted :— 

If we write 

p = l- 49'92 + 0-2 (X — 4) 



and 



q = p — 01 sin (20 p) 



we get the Dip in degrees from the equation 



0=67° + 



1*0083 q 



1-456 + 0-03g 
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The Dips given by this formula for the central stations in each district are, in the 
following Table compared with those given in Table VII., p. 245. 



District. 


Inclination at Central Station. 


Difference. 


Mean of Values 
observed in District. 


Calculated. 


I. 

11. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 


71 8-0 

70 19-6 
69 3-0 
67 45-6 
69 59-8 
69 24-8 

67 41-2 
69 24*3 

68 18-2 


71 10-3 
70 21-2 
69 1-8 
67 44-5 
69 59-3 
69 25*3 

67 41-2 
69 25-6 

68 197 


-2-3 
-1-6 

+ 1-2 
+ 0-9 
+ 0-5 
-0-5 

o-o 

-1-3 

-1-5 



In Plate III. we show the broken curves obtained by the district lines aDd also 
the terrestrial isoclinals as represented by the formula. 

The agreement is on the whole satisfactory, but it is possible that a closer approxi- 
mation to the true terrestrial lines might have been obtained had we made the 
inclination to the geographical meridian increase rather more rapidly in the west. 
This would have diminished the discrepancy in the south of Ireland. On the other 
hand it would have considerably increased it in the north of Ireland and the central 
districts of Scotland, in which large regional disturbances undoubtedly exist. It does 
not, however, appear to be safe to depart from the rule that the terrestrial lines 
deduced from any survey should give, as nearly as possible, the mean directions of the 
true lines in the district under investigation. This end is better attained by our 
formulae than if the agreement were closer in the south of Ireland. 

Our 67° isoclinal agrees almost exactly with that of M. Moure aux in the more 
easterly parts. of the English Channel (see fig. 2. p. 243). Both just cut Dungeness 
and Beachy Head. For the longitude of Falmouth, however, our line is 10 or i 2 miles 
to the south of that of M. Moureaux. 

As it is at this point much nearer to the English than the French coast, our result 
is probably the more trust worthy, and this opinion is confirmed by a study of the map 
of the French Survey. The isoclinals drawn by M. Moureaux upon a map on 
Mereator's projection are curved in the south of France, the convexity being towards 
the north. The curvature becomes less as the 'Dip increases, and the 67° line is repre- 
sented as quite straight. M. Moureaux cannot have much to guide him in drawing 
this line, and a divergence such as that which exists between his line and ours could 
easily be introduced by an apparently trifling error in the estimation of the rate of 
disappearance of the curvature of the lines. Our lines would be slightly concave to 
the north if drawn upon a map on Mereator's projection. 
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(3.) Lines of equal Horizontal Force, 

These lines were treated in the same way as the isogonals and isoclinals, and in the 
following Table the constants for the nine districts are tabulated as before. As Professor 
Balfour Stewart did not deduce the lines of equal Horizontal Force from Mr. Welsh's 
observations, there was not as much reason in this case as in the others for taking the 
whole of Scotland as District I. We therefore included in this district only all 
stations north of lat. 56°. 





Central Station. 








District. 




£1 . 


X ~~ dl' 


dK 

V = - . 
dX 








Lat. K. 


Long. W. 








I. 


57 26-3 


4 30 ! 


1-5580 


-0-03930 


-0-00575 


II. 


55 27-3 


3 41-6 


1-6363 


-0-03324 


-0-00882 


III. 


53 26-7 


2-26-0 


1-7164 


-0-03868 


-0-00661 


IV. 


51 47-7 


17-4 


1-7970 


-0-04374 


-0-00620 


V. 


54 2-9 


7 36-5 


1-6650 


-0-04380 


-0-01046 


YI. 


53 29-0 


5 43-0 


1*6979 


-0-03771 


-0-00439 


VII. 


50 49-3 


2 57-6 


1-8212 


-0-04134 


-0-00598 


VIII. 


52 57-1 


8 131 


* 1-7053 


-0-04237 


-0-00628 


JL2v.. 


51 49-5 


' 4 47*4 


1-7694 


-0-04212 


-0-00598 



By means of these data a Table like Table VI., pp. 238-9, was prepared, and lines 
of equal Horizontal Force w r ere drawn on curve paper as in the case of the isoclinals (see 
p. 245). These at once showed that the lines above and below that corresponding to 
1*7 units were differently disposed. The mean direction of each of the southern lines 
can be accurately represented by a linear function of the latitude and longitude, their 
departure from parallelism is not great, and their mean distances are nearly the same, 
On the other hand, though the lines inDistrict I., i.e., in the extreme north of Scotland, 
are parallel to the 1*7 line, which runs from the neighbourhood of Miltown Malbay to 
that of Scarborough, the intermediate isodynamics make smaller angles with the geo- 
graphical meridian, and their average distance is greater than in the south. It is, 
however, difficult to decide what is the direction of the terrestrial lines. Too much 
weight must not be attached to the fact that the lines in the north of Scotland agree 
with those in the Midlands and south of England, as they are deduced from a single 
district of irregular form and the seat of great local and regional disturbances. There 
is also reason to suppose from what is known of the lines of equal Horizontal Force on 
the continent that the distance between them increases towards the east, and those 
crossing England are so represented on M. Moureaux's map. It may well be, there- 
fore, that the diverging lines are those which agree most closely with the terrestrial 
lines of equal Horizontal Force. 
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On the whole then, the risk of introducing fictitious disturbances by attempting to 
include the whole country under one simple law would be very great. 

We decided, therefore, in calculating the lines of equal Horizontal Force, to employ 
different formulae for districts to the north and south of the 1*7 line. 

Taking the southern district first, the lines may be regarded as straight, but, inas- 
much as they run across the whole breadth of the kingdom, a very small error in the 
calculated slope is important. A rather complicated formula is therefore unfortunately 
necessary. 

If c be the mean distance, expressed in degrees of latitude and measured along 
longitude 5° W., between any line and that which corresponds to 1*85 units, we have 
a relation of the form 

1*85 — H = ac 3 
where a is a constant. 

The 1*85 line cuts longitude 5° W. in latitude 49°*83, and thus the equation to the 
isodynamic through c is 

I — 49*83 = — (X — 5) m + c, 

where m measures the slope of the line. 

Neither a nor m are quite constant, but both are functions of c, so that 

l/a= 24*47 (l +—); 
1 \ ^ 1000/ 

m = *157 — -0019c — *0155 sin (50c). 

Thus, if we wish to find where the line corresponding to H cuts longitude X, we 
find c from the equation 

c = 24*47 (1*85 — H) + 0*001 c 3 , 

where the value of c, used in the small term in c 2 , is the approximate value obtained 
by neglecting it. From this m is found, and I is then known. 

If the latitude and longitude are given, and the Horizontal Force is required, we 
first find c approximately from the formula 

c' = 1 — 49*83 + 0*157 (X - 5). 
Subtracting from this 

c" = (X — 5) {0*0019 c + 0*0155 sin (50 c')} 9 

the difference is c, whence H is found. 

Taking next the district north of the 1*7 line, there is no particular difficulty in 
finding similar equations to express the mean direction of the lines with great 
exactitude. If we write 
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1-7 — H = 0*036854 c, 

I — 53-514= — m (X— 5) + c, 

m = *151 + '07 sin (45 c), 

all that can be desired in this respect is attained. 

These equations do not, however, give the forces at the central stations with the 
accuracy attained in the southern districts. Far better results are obtained if we 
assume that the lines are parallel to the 1*7 line and are at equal distances from each 
other. In this case m is constant, and, in addition to the first of the above equations, 
we have only 

I — 53*514 = — 0*151 (X — 5) + c. 

The values obtained from the central stations by both formulae are given in the 
following Table : — 



District. 

I. 

II. 

V. 

VI. 


Horizontal Force at central stations in northern 
districts deduced from 


Mean of all 

stations in district. 


Formula 
with m variable. 


Formula 
with m constant. 


1-5580 
1-6363 
] -6650 
1*6979 


1-5583 
1*6390 
1-6608 
1-6971 


1-5582 
1-6358 
1-6658 
i-6972 



We have, therefore, to choose between two formulae. The simpler represents the 
lines throughout Scotland as practically parallel, both with those which in the south 
extend right across the kingdom without considerable curvature and with those 
found by the district equations for the north of Scotland, and also reproduces the 
values of the Horizontal Force at the central stations with great accuracy. The more 
complex expression represents the mean directions of the lines in the centre of Scot- 
land and north of Ireland more satisfactorily, though these are obviously affected by 
some widespread disturbance, but it fails when tried by the test of the reproduction of 
the forces at the central stations. We think there can be no question that, under 
these circumstances, the simpler formula, which assigns directions to the lines in 
harmony with those obtained in other parts of the kingdom, must be that selected ; 
and we have therefore employed it. 

In the following Table the values of the Horizontal Forces at the central stations 
are compared with the calculated values given by the formulae — 

mdccoxc — A. 2 K 
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and 



and 



1*85 — H = c (1 — 0-001 c) /24*47 
I — 49-83 = c-m (X- 5) 



m = 0-157 - 0'0019 c - 0*0155 sin (50 c) 



for values of H > 1*7, and by 



1-7 — H= 0-036854 c 



a 



nd 

Z - 53*514 = c - 0-151 (X - 5) 

for values of H < 1 *7. 

The difference between the observed and calculated results in District VIII. (South 
Ireland), is larger than in the other cases. It must, however, be remembered that it is 
absolutely very small. Thus, if the disturbed stations at Galway (which have been 
excluded from the calculations) were introduced, the difference would be reduced from 
•0022 to '0007. As the effect of one station is so great, it is remarkable that the 
discrepancies are not larger. 



District. 


Horizontal Force at central stations. 


Difference 
in terms of 

o-oooi. 


Mean of values 
observed in district. 


Calculated. 


II. 

III. 

IV. 
y 

VL 

VII. 
VIII. 

IX. 


1-5580 
1-6363. 
1-7164 
1-7970 
1-6650 
1-6979 
1-8212 
1-7053 
1-7694 


1-5582 

1-6358 

1-7180' 

1-7969 

1-6658 

1-6972 

1-8218 

1-7031 

1-7698 


- 2 

-16 

+ 1 

- 8 
+ 7 

- 6 

+ 22 

- 4 



We conclude this section with a Table, which gives the observed and calculated 
elements at every station. 

In the calculations, graphic methods have been partly used, and, in some cases, this 
may have led to slight differences (which are, however, so small as to be quite unim- 
portant) between the values given and those which would be deduced directly from 
the formula. 
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Local and Regional Disturbances. 

We now come to the consideration of the local and regional disturbances which exist 
in many parts of the United Kingdom, and which we have investigated much more 
fully than has hitherto been done. 

As the problem is one of difficulty, it is necessary that every step should be carefully 
considered. It may be attacked in three ways, which, are not independent, but each 
of which is attended with special advantages and disadvantages, and which, when 
combined, afford in many cases the means of arriving at definite conclusions. 

(1.) If the true isomagnetic curves are drawn as accurately as possible, without any 
attempt to smooth the irregularities, they present in disturbed districts distorted 
forms which enable us to judge of the nature and magnitude of the disturbance. The 
great advantage of this method is, that it is independent of calculation. It is not 
affected by errors possibly introduced by the method of determining the terrestrial 
curves. The conclusions arrived at are based directly upon the observations. 

The objections that may be raised to it are, that it can only be used with effect in 
the case of considerable disturbances, and that it may tend to exaggerate the importance 
of those which, though of great local intensity, are of small range. A curve may 
be carried many miles from its true position, in order to pass through a station, 
the disturbance at which dies out within a very short distance. 

When the stations are as numerous as ours, and when the curves are drawn with a 
due regard to the possibility of isolated maxima and minima, we do not think that 
the risk of error on this account is as great as it might at first sight appear, but in so 
far as it exists, it may be checked by the second method. 

(2.) If the disturbances of the elements, i.e., the differences between the observed 
values and those calculated from the general equations given above, are plotted down 
on a map, it is found that they are not scattered haphazard, but that certain districts 
exhibit definite peculiarities, such as that the observed value is always too large or 
too small. From a study of such maps deductions can be made as to the nature of the 
disturbing forces. 

This method is open to the objection that the peculiarities in question may not 
correspond to physical realities, but may be due to the inadequacy of the formulae. 
The calculated rate of increase of the declination with longitude, for instance, may be 
made a little too rapid in one part of the country, and a little too slow elsewhere. The 
observed declinations may, therefore, appear too large in the one district and too small 
in another, and thus a mere mathematical error may create a fictitious attractive or 
repulsive force. 

To this objection, it may be answered that the observed disturbances are too large 
and too irregular to be thus explained. Taking, for instance, the English and Welsh 
stations which lie between long, 3 W. and long. 5 W., the mean disturbances of the 
Declinations for the groups indicated, are as follows : — 

2 L 2 
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Four most northerly stations 14*4 W. 

Intermediate group of eight stations . . 6*0 E. 
Six most southerly stations 3*0 W. 

A glance at the isogonals (Plate II.) in this part of the kingdom, is sufficient to show 
that it is impossible to believe that the real terrestrial curve not only crosses and 
recrosses that which we have drawn between Plymouth and Holyhead (which is quite 
possible), but that the amplitude of the oscillation amounts to more than 20' of 
Declination, or to about 45' of longitude. If this were so, the terrestrial would be 
nearly as sinuous as the true curves (cf. Plate V.). 

It is also to be observed, that even if there is a slight tendency of the kind supposed, 
it will be partly corrected by the first method. The objection to that is, that too 
much stress may be laid on the peculiarities of individual stations — to this, that 
too great weight may be given to the characteristics of districts. 

If the two methods point to the same conclusion the two criticisms are mutually 
destructive. 

A more serious objection is, that the indications are, at times, somewhat ambiguous. 
An increase in the Declination may be due to a small force acting at right angles to 
the magnetic meridian, or to a large one acting nearly parallel to it. The value of 
the disturbance of the Horizontal Force will often decide to which of these the effect 
is due, but nevertheless, it is not easy to deduce definite conclusions from a mere 
inspection of the maps. This consideration has, therefore, led us to supplement this 
method by another. 

(3.) In this third method, we calculate the magnitude and direction of the 
disturbing force at each station. If S be the observed, and B c the calculated value of 
the Declination, if a similar notation be used for the other elements, and if N, W, and 
Z be the northerly, westerly, and vertical components of the disturbing force, we have 

N = H c cos h — H cos 8, 
W = H 6 . sin h c — - H sin 3, 
Z = He tan 6 — H tan 0, 

whence the magnitude and direction of the disturbing force are known. Obviously the 
danger to be feared, in this case, is that the differences with which we deal are too 
small to give trustworthy results. The calculation must, however, lead to conclusions 
compatible with those to which the study of the disturbances points, and even if the 
results are only approximate, they are valuable as indicating, in a way which is more 
easily interpreted, the direction and magnitude of the forces under investigation. 

Having thus described the general course which we propose to adopt, we shall now 
consider the methods more in detail. After that we shall apply them to certain dis- 
tricts, of which we have made a special study, and then to the whole area of the survey. 

In attempting to discover the order which underlies the apparent irregularity of 
the disturbances, it is necessary to proceed on a working hypothesis, and we shall 
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postulate only the possibility of the existence of points or surfaces which exert 
magnetic forces. They will be called attractive or repulsive according as they attract 
or repel a north-seeking pole. If the existence or apparent existence of such centres 
is established the cause of the phenomenon will be a proper subject for enquiry. 

The distortion produced by a symmetrical mass of magnetic matter on the isogonals 
depends upon the angle which these curves make with the magnetic meridian. 

If we are dealing with a sufficiently small area, both the isogonals and the magnetic 
meridians may be represented by straight lines. If these lines are mutually 
perpendicular, and if the declination is westerly and increases with the latitude, the 
forms of the true isogonals in the neighbourhood of a symmetrical attracting mass, 
the centre of which is below the surface at A, will be of the type shown in Fig. 3, in 
which NS is the magnetic meridian through A. 

Fig. 3. 




Terrestrial Isogonals running approximately east and west. 

True Isogonals produced by centre of attraction at A. 

In Japan the distribution of the isogonals and meridians approximates to this simple 
arrangement, and in the neighbourhood of the Fossa Magna according to Dr. Natjmann 
('Die Erscheinungen des Erdmagnetismus/ Stuttgart, 1887), a very remarkable 
disturbance of this kind is produced. 

If the isogonals and meridians are very nearly coincident, and if the Declination 
increases with the longitude, the effect on the isogonals of a weak attractive centre 
will be of the type shown in Fig. 4. If, however, the disturbing force is sufficiently 
powerful to make the Declination, at some point to the east of the centre, greater than 
its undisturbed value at the centre, the form of the lines must approximate to that 
shown in Fig. 5. The Declination will increase rapidly with the longitude, attain a 
maximum value, fall to its normal value at points on the magnetic meridian which 
pass through the centre— on each side of which the attracting matter is supposed 
to be symmetrically situated— then fall to a minimum, and finally resume its normal 
rate of increase. 

If, retaining all the other assumptions, we suppose that the isogonals and meridians 
are inclined at an angle of less than 90°, the distorted curves will assume forms 
oimilar to those in Fig. 6. It will be noticed that if the undisturbed isogonals be 
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rotated about A in the limiting cases when they coincide with AE or AN, the 
distorted curves will assume the forms shown in Figures 3, and 4, or 5, 



Fig. 4. 
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Terrestrial Isogonals running approximately north and south. 

True Isogonals produced by (Fig. 4) a weak, and (Fig. 5) a strong centre of attraction at A, 



Fig, 6. 



f 




- Terrestrial Isogonals approximately parallel. 

- True Isogonals produced by a centre of attraction at A. 



It is, of course ; quite possible that a single closed curve may sometimes be formed. 
An underground attracting surface, rising up steeply on the eastern side and falling 
away very gently to the west, might cause a maximum declination on the east 
without any corresponding minimum on the west ; but in general the normal comple- 
ment of a closed isogonal is another of the same type. 

The curves shown in figs. 3 to 6 will not be realised in practice, but their main 
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characteristics may be reproduced, and a knowledge of their forms is very useful in 
interpreting maps on which the true isomagnetic curves are drawn. 

These facts may also be illustrated by means of diagrams of another kind. Thus if, 
in figs, 7 and 8, the s]ope of the line AD represents the normal rate of increase of the 
Declination with longitude, the effect of an attractive centre below A will be repre- 
sented by the curves shown, which correspond to the two cases of a weak and strong 
attraction respectively. If, however, the force is repulsive, the curves assume the 
forms shown in figs. 9 and 10. In this case there may be two maxima and minima, 
following each other in order on opposite sides of the centre of repulsion. The 
isogonals will be drawn together in its neighbourhood, and there may be two systems 
of loops, one on each side of the centre. 



Figs. 7 to 10. 



D 



w 




A 



FCg.VU 




£ 



W 




FiyVM 




A centre of attraction will also be indicated by a convergence of the lines of equal 
Horizontal Force and Dip in its neighbourhood. 

The observed will be greater than the calculated Force to the south, and smaller to 
north, of the centre. The Dip, on the other hand, will be less and greater than its 
calculated values at stations to the south and north respectively of a point at which 
the directions of the normal and disturbing Forces coincide. 

The phenomena are more complicated if the effect of the disturbance is to increase 
the value of the element on tha.t side of the centre of attraction on which it would be 
normally the greater, instead of increasing it (as in the case of the Declinations) on 
that side (the east) on which it is normally the less. 

Thus, if we represent a northward movement by progress along the line WE 
(fig. 10) from W to E, the effect of a strong centre of attraction would be to check 
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the ordinary decrease of the Horizontal Force with latitude. If the centre were 
sufficiently powerful, the decrease might be converted into an increase ; and since 
immediately over the centre the value must be normal, a minimum and maximum 
must follow in order. Another minimum and maximum may occur on the further 
side. The effect of a centre of attraction on the lines of equal Horizontal Force is 
thus the same as that of a centre of repulsion on the isogonals. In the case of the 
Dip, as in that of the Declination, there can only be two critical points on opposite 
sides of the point defined above. 

The Vertical Force will increase with latitude at more than the normal rate to the 
south of a centre of attraction, and at less than the normal rate to the north of it. 
The lines of equal Vertical Force will thus be drawn southwards in the neighbourhood 
of such a centre. 

If the Vertical Force attains a maximum value it will be at a point above the 
centre, and it must be followed by a minimum — at which, however, the Vertical 
Force will be greater than its calculated value. 

It is evident from this discussion that there are a number of signs of a centre 
of attraction which may not all coexist, and which will be complicated in actual 
practice by irregularities in the distribution of the attracting masses, but which 
may nevertheless be of considerable practical help in a survey of local magnetic 
disturbances. (Of. Lamont : ' Erdmagnetismus in Nord-Deutschland,' 1859, p. 21.) 

We have dwelt on them, not because they present any difficulty, or even because 
they are altogether novel. Mr. Bennett Bbough, A.B.S.M., has given a full account 
of the methods employed by the Swedish mining engineers in exploring for iron ore. 
(" Use of the Magnetic Needle," &c. ' Journal of the Iron and Steel Institute/ No. 1, 
1887, pp. 289-303.) They are accustomed to map out the neighbourhood of a mass 
of ironstone with a magnet, in order bo determine its exact position. We believe, 
however, that the systematic use of the forms of the isomagnetic curves has been 
largely overlooked in the case of surveys comparable with that described in this paper. 

In Plates V. to VIII., the values of the Declinations, Horizontal Forces, Dips, and 
Vertical Forces determined at the various stations are entered and true magnetic curves 
are drawn. These curves have not been chosen for equal differences of the values of 
the element to which they refer, but those have been selected which exhibit the most 
marked peculiarities. In this way attention is best drawn to disturbed stations and 
districts which can then be studied in accordance with the plan above suggested. 

Turning next to the investigation of the disturbances or differences between the 
observed and calculated values of the elements, we note that apart from the assurance 
they afford that the peculiarities studied are common to a district and do not depend 
only on a single station, they often supply additional information to that which can 
be gained from the true isomagnetics. 

Thus, in the case of the Horizontal Force, a maximum followed by a minimum may 
be either to the north or the south of the centre of attraction. In the former case, 
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however, both the maximum and minimum values are less, while in the latter case 
they are greater than the normal values at the stations at which they occur, and 
if one maximum and minimum only are formed, the disturbances at once decide 
whether they are to the north or south of a centre of attraction. 

The lines which separate regions of positive disturbance in which the observed 
is greater than the calculated value from those in which it is negative are also of 
importance. Thus, in the case of the Horizontal Force, if such a line is approximately 
perpendicular to the magnetic meridian, and if in passing over it from south to north 
we leave a region in which the disturbance is positive and enter one in which it is 
negative, we either pass over a centre or line of attraction or pass from the range 
of the influence of one centre of repulsion into that of another. 

If the centre is not at a great depth below the surface, and if the magnetic matter 
is not widespread at its minimum depth, it will cause a sudden reversal in the sign of 
the disturbances which will, however, be large near the centre on both sides. On the 
other hand, passage from the region of influence of one centre to that of another will, 
if the distance between them is considerable, be marked by a transition from small 
positive to small negative disturbances, or vice versd. 

Similar remarks may be made with respect to the disturbances of the Declination, 
but they are most easy to interpret when the line which separates a positive from a 
negative region runs approximately north and south. If such a line meets another 
which separates a southern region of positive from a northern region of negative 
Horizontal Force disturbance, all the disturbing forces in the neighbourhood tend 
towards the point of intersection. It will be convenient to speak of such a point as 
a peak, and to call a line which divides regions of positive from those of negative 
disturbance of the Declination or Horizontal Force, so as to indicate attraction towards 
it, a ridge line. In like manner, a line which separates the regions of influence of two 
attractive centres may be called a valley line. 

In the choice of these terms we are, no doubt, influenced by our views of the facts 
to be hereafter set forth, but they are convenient, quite apart from any theory of the 
cause of local magnetic forces. It will be proved beyond doubt that in some cases 
these forces emanate from matter below the surface of the earth. If this is so, an 
increment in their intensity must be due either to a closer approximation to the 
matter or to an increase in its magnetisation. We have no magnetic test to 
discrimate between the two, and therefore, without prejudice, adopt a nomenclature 
which is perhaps most consistent with the first hypothesis. If we wished to keep 
absolutely free from all expression of an opinion as to the causes of the phenomena, we 
might have called a peak (to which the lines of magnetic disturbing force converge), 
a magnetic sink, and so on, and for the present the terms we suggest may be taken 
as indicating merely points and lines from and to which such lines of force run. 

The disturbances of the Declination and Horizontal Force, together with the ridge 
and valley lines are shown in Plates IX. and X. 
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The absolute value of the disturbance of the Vertical Force is especially uncertain. 
In the cases of the Declination and Horizontal Force a centre of attraction affects 
stations on opposite sides with disturbances of opposite signs, to that the true mean 
value for the district can be found, and the true disturbance at each station deduced. 
It is, however, possible that the disturbance of the Vertical Force may always be of 
the same sign. Thus, if the centres of force are rocks magnetised by induction, the 
north-seeking pole of a magnet would most frequently be attracted downwards in the 
northern hemisphere as the north-seeking poles of the rock magnets would be deeply 
buried in the earth. This hypothesis is that which experience has justified in 
Sweden. If this is so, the mean value of the Dip or Vertical Force in a district will 
be greater than its undisturbed value, and negative values do not necessarily indicate 
an upward force. It is therefore safer only to use the disturbances of the Vertical 
Force as a means of indicating relative maxima and minima. 

If, however, centres of repulsion exist, they might be detected by the observation 
that a large negative (upward) disturbance of the Vertical Force was accompanied 
with a sudden reversal of the disturbing Horizontal Force in neighbouring stations. 
If the Horizontal Forces are small, the negative disturbing Vertical Force is more 
probably to be interpreted as indicating a downward attraction of less than average 
magnitude. 

On turning to Plate XI., in which the disturbances of the Vertical Force are 
plotted down, it will be observed that there is, on the whole, an excess of positive 
values in the south-east, and that large negative values are more common in the north 
and west. It is obvious that in Scotland the disturbances are much greater than in 
England, and very large positive values of vertical disturbance occur in the western isles. 
Indeed, if we include the enormous value obtained at Canna, the average for the whole 
of Scotland is positive. Leaving out, however, this very abnormal station, it can hardly 
be doubted that negative values are more common in the north-west. If this result 
could be trusted as corresponding to physical fact, it might indicate that the country 
as a whole is magnetised in the direction of the magnetic meridian. We cannot, 
however, draw such a conclusion, more especially as it can be shown that the observed 
effect may probably be a result of our ignorance of the datum lines from which the 
disturbances of the Dips and Vertical Forces ought to be measured. 

We have taken the Dip, as given by direct observation, as one of our fundamental 
elements, and in drawing the terrestrial curves which satisfy the conditions that the 
mean value of the Dip for each district when attributed to the central station is 
accurately reproduced by the formula, we have been compelled to ignore the possi- 
bility of an unbalanced downward Vertical Force acting at every station. If we 
suppose that in consequence of this the calculated Dips ought, all over the country, 
to be diminished by a positive quantity, we get for the corresponding decrement in 

Vertical Force 

dV = H sec 3 6 d9> 
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If we take the values of H and 9 at Wick and St. Leonards, and write for dd the 
circular measure of 1' multiplied by x, the unknown number of minutes by which the 
calculated Dip has been taken too large, we get at 

Wick dV = 0'0048^ 

St. Leonards dV = 0*003 6x. 

Hence in the north the error will be greater than in the south, that is, the excess 
of the calculated over the true undisturbed Vertical Force is greatest in the north. 
Consequently the difference between the observed and calculated Vertical Force will 
be more frequently negative in the north, the excess of the error amounting to 
0*0012 metric unit for every minute by which the calculated Dip is too large. 

If, then, apart from local attractions the country, as a whole, attracts the needle so 
that the Dip is everywhere 10' greater than it would be if the British Isles were 
replaced by sea, the error in the calculated Vertical Forces deduced from calculated 
Dips, obtained on the assumption that no such defect exists, would be 0*0120 greater 
in the north of Scotland than in the Channel, so that negative disturbances would 
largely predominate in the north. 

As from the geological character of Scotland it is probable that the error in the 
calculated Dip would not be constant, but would be greater than in England, the 
validity of this explanation is even more probable than this calculation indicates. 

It is not, therefore, safe to draw conclusions based on the relation between the 
Vertical disturbing Forces at distant stations. 

In the calculation of the disturbing forces we are not aiming at, and could not attain 
to, results which would give more than a general idea of their direction and magnitude. 
It may be possible to conclude with certainty that an attractive mass exists near 
certain stations, even if the directions of the forces are wrong by 10° or 15° and their 
magnitudes are inaccurate by 50 per cent. 

To show that a degree of accuracy of this kind is attained we collect here the results 
at stations where we have taken a full set of observations at two or more places, or on 
different occasions. There are of course localities where it would be hopeless to get a 
good result from a single observation. Such places are Canna and Portree. At these 
we should never have observed except for the sake of investigating the disturbances 
which we knew were very great, and we therefore do not now take them into account. 
It is sufficient if the agreement between different observations is satisfactory at stations 
which we regarded at the time of observation as normal. 

At Stornoway we made four sets of measurements, the first in 1884 in the Castle 
Grounds, the other three in 1885 and 1888 on Ard Point, about a mile distant from 
the former station. The ground was not good, as when we observed simultaneously 
about 50 yards apart on Ard Point the declinations differed by 18'. 

At Loch Aylort we observed in 1884 and 1888 as nearly as possible on the same 
station. At Oban we observed on the mainland in 1888, and on the island of Kerrera 
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which is about a mile distant, in 1884 and 1885. In the Sound of Islav we had two 
stations about four miles apart, viz., Port Askaig in 1884 and Bunnahabhain in 1888. 
All these places, though typical Scotch stations, were on ground which elsewhere 
would be considered but indifferently good for our purpose. At three other places 
more favourably situated we also observed twice, viz., at Stranraer in 1884 and 1888, 
at Reading in 1886 and 1888, and at Bude Haven in 1886. At the two former the 
stations were as nearly as possible the same on the two occasions, at Bude Haven 
they were less than half a mile apart. 

The results are summed up in the following Table. The resultant Horizontal 
disturbing Force is indicated by F. and the angle which its direction makes with the 
geographical meridian by </>. The latter is taken as positive on the western side, due 
north being represented by 0°. 



Station. 


Rock. 


Date. 


P. 


■0. 


Z. 


Stornoway — 

(1) Castle Grounds 

(2) Arcl Point . . 


Gneiss 


1884 
1885 
1888 (T) 
1888 (R) 


•01/5 
•0179 

•0198 

•0278 


o 

129-6 
109-2 
119-7 
113-5 


-•0113 
Dip not observed 

+ -0046 
+ •0120 


Locb Aylort . 


Gneiss 


1884 
1888 


•0267 
•0139 


141-1 
112-3 


-•0326 
+ •0178 


Oban — • 

(1) Mainland . . 

(2) Kerrera . . . 


Trap 


1888 
1884 
1885 


•0143 
•0196 
•0219 


10-9 
169 
16-2 


-•0129 
-•0132 

-•0124 


Sound of Islay — • 

(1) Port Askaig . 

(2) Bunnahabhain. 


Primary 
Limestone 


1884 
1888 


•0309 
•0265 


531 

69-9 


+ •0141 
+ •0122 


Stranraer .... 


Clay, Slate 


1884 
1888 (R) 

» (T) 


•0038 
•0065 
•0062 


178-5 

181-8) 

175-4/ 


-•0072 
-•0034 


Reading .... 


Clay 


1886 
1888 


•0049 
•0084 


- 8-3 
-10-2 


+ -0235 
Dip not observed 


Bude Haven . 


Shale 

i ■ 


1886 


•0065 

•0048 


143-1 
180-0 


+ •0091 
+ •0030 



The annexed small map (fig. 11) illustrates these numbers by showing the direction 
and magnitudes of the disturbing forces as determined on two occasions at stations in 
Scotland. 

An inspection of this map and of the table justifies the statement that the magni- 
tude and direction of the disturbing forces can be determined with an accuracy 
sufficient to enable us to draw conclusions from groups of stations even if it would 
not always be safe to argue from one. 
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Fig. 11. 




If the station is on good ground we may place more confidence in the results. 
Stranraer is interesting as being the only place where we both took complete sets of 
observations simultaneously on good ground. The results are in very close accord. 
But those obtained elsewhere leave no doubt as to the order of the magnitude of the 
disturbing force nor as to its direction to within (in unfavourable cases) 15° or 20°. 

The difference in the signs of the Vertical Forces obtained at Loch Aylort and 
Stornoway in different years may in part be due to the uncertainty of the secular 
correction for the Dip, which appears to be very abnormal, especially at Loch Aylort 
(see p. 86). In this case we should be driven to the conclusion that a real change 
in the local Force had taken place. It is noticeable that the Vertical Force disturb- 
ance was apparently (algebraically) greater at Stornoway, Loch Aylort, Kerrera, and 
Stranraer on our second visits to these places. 

The following Table contains the particulars as to the disturbing force at every 
station in accordance with the notation described above. On Plate XIII. , the 
directions and magnitudes of the Horizontal disturbing Forces are shown, and regions 
of positive and negative Vertical Force disturbance are indicated, the former being 
shaded, 
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Table of Disturbing Forces. 



No. of 
Station. 


Name of Station. 


F 


0. 


£J, 


1 


Aberdeen . . 


82 


-144 


- 28 


2 


Arinagower ....... 


* * 


• • 


. • 


3 


Loch Aylort . 


f267 
1139 


+ 141 
+ 112 


- 326 

+ 178 


4 


Ayr 


61 


- 22 


- 145 


5 


Ballater 


151 


-108 


- 41 


6 


Banayie . . , 


176 


+ 18 


+ 268 


7 


Banff 


112 


+ 70 


- 124 


8 


Berwick 


179 


- 15 


+ 230 


9 


Boat of Garten 


212 


+ 86 


+ 56 


10 


L. Boisdale ....... 


301 


-114 


- 736 


11 


Bunnahabhain 


265 


+ 70 


+ 122 


12 


Callernish . 


45 


+ 21 


+ 31 


13 


Campbelton 


36 


+ 136 


- 9 


14 


Canna 


737 


-112 


+ 1839 


15 


oarstiairs ..«>..., 


173 


+ 14 


- 79 


16 


Crianlarich . 


39 


+ 83 


- 219 


17 


Crieff 


114 


+ 74 


+ 217 


18 


Cumbrae 


222 


+ 174 


+ 215 


19 


Dalwbinnie ....... 


127 


+ 36 


- 247 


20 


Dumfries ........ 


29 


+ 56 


- 87 


21 


Dundee ........ 


Ao 


+ 180 


+ 10 


22 


Edinburgh. 


17 


+ 152 


+ 107 


23 


Elgin 


86 


- 67 


+ 45 


24 


L. Eriboll 


37 


- 56 


+ 175 


25 


Fairlie 


• • 


* * 


+ 135 


26 


Fort Augustus 


74 


-101 


+ 57 


27 


Gairloch 


210 


- 85 


- 451 


28 


Glasgow 


117 


-133 


- 80 


29 


Golspie 


89 


- 92 


- 65 


30 


Hawick 


76 


- 1 


- 99 


31 


L. Inver 


326 


-129 


- 853 


32 


Inverness 


61 





+ 156 


33 


Iona. ......... 


326 


+ 59 


+ 202 


34 


Kirkwall 


27 


- 39 


+ 109 


35 


Kyle Akin ....... 


140 


+ 154 


- 168 


36 


Lairg 


73 


- 79 


- 34 


37 


Lerwick 


62 


-144 


+ 378 


38 


Locbgoilhead ...... 


JiO 


+ 122 


- 328 


39 


Loch Maddy . 


73 


- 72 


- 114 


40a 


Oban ......... 


143 


+ J 1 


- 129 


40b 


Oban (Kerrera) 


f 196 
\219 


+ 17 
+ 16 


- 132 

- 124 


41 


Pitlochrie 


33 


- 63 


- 242 


42 


Port Askaiff 


309 


+ 53 


+ 141 




C_5 


f619 


+ 145 


+ 712 


43 


Portree 


<. 384 


+ 11 


- 378 






[806 


- 89 


+ 1705 


44 


Row (Gairloch) 


121 


-170 


- 188 


45 


Scarnish 


394 


+ 98 


~~f~ Tb'"X*di 


46 


ooa ......>... 


518 


-166 


- 385 


47 


Stirling 


166 


+ 177 


- 92 






fl79 


+ 109" 


. . 


48a 


Stornoway (Ard Point) . . . 


< 198 


+ 120 


+ 46 






i.278 


+ 114 


+ 120 


486 


Stornoway (Castle) .... 


175 


+ 130 


- 113 


49 


Strachur ........ 


i QQ 

j oo 

J 


- 1 


- 269 



SURVEY OF THE BRITISH ISLES FOR THE EPOCH JANUARY 1, 1886. 271 



Table of Disturbing Forces — continued. 



"XT D 

JNo. or 
Station. 



50 

51 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

m 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

17 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
lOOrt 
1006 
101 
102 



Name of Station, 



Stranraer 

Stromness .... 
E. Loch Tarbert . . 

J. XI UX SsO ..... 

Wick 

Aberystwith .... 
Alderney ..... 

Aires ford 

Appleby ..... 
Barrow ..... 
Bedford . . . 

JDXX ivL/XXxXt dXl .... 

Birmingham .... 
Bramtrle 

UrL fcJOt/Xi ...... 

Bnde Haven .... 

Cambridge .... 

vyardiir . . . « » , 

Cardigan ..... 

Carlisle ..... 

Chesterfield .... 

Chichester . . . . 

Clenchwarton . . . 

OJiiton ...... 

Clovelly ..... 

Coalville . . . . 

Colchester .... 

Cromer . . . . . 

.L/C v ex .».«.» 

Falmouth ..... 

Gainsborough . . . 

Giggleswick .... 

Gloucester .... 

Grantham .... 

Guernsey, L'Eree . . 
„ Peter Port . 

Harwich . 

Harpenden 

Haslemere 

xxoxyneac* . 

Horsham . 

Hull ....... 

llfracombe . 

Jersey, Grouville . . 
„ S. Louis . . , 
„ S. Owen . , 

Kenilworth . . . . , 

Kettering . . . . . . , 

JLjakiV? VV # s « ♦ » ♦ t 

j\-IIlff S JLi y nil * * * < 

„ „ (Gay wood) 
King's Sutton . . . , 
Lampeter .... 



P. 



46 

301 
56 
30 
70 
44 

153 
57 

124 
36 

168 

65 
103 
59 
90 
46 
40 
85 
81 



0. 



4-178 
-178 
+ 175 

- 25 
-167 

- 53 
-146 

- 80 

- 94 
+ 28 

- 47 
+ 168 

- 85 
+ 168 
+ 8 

+ 136 
-135 
+ 143 
+ 180 
+ 15o 

- 35 
-175 



} 



+ 
+ 
+ 
+ 



77 
78 
37 

67 

57 



+ 179 

- 63 
+ 102 
+ 92 
-102 
+ 175 

— 36 

— 45 
+ 126 

- 7 

- 96 
+ 17 
+ 148 
+ 30 

— 166 
+ 73 
+ 136 
-162 
+ 77 
-103 
+ 144 
+ 173 
+ 150 
+ 119 
+ 19 
+ 60 
+ 138 
-123 



Z. 



- 72 

- 34 

+ 146 
-150 

- 47 
+ 242 

- 78 

- 43 

- 50 
+ 6 

- 56 

- 71 

4- *-*Q 
— l_ tjfj 

+ 26 
+ 152 
+ 50 
+ 7 
+ 91 
+ 30 
+ 110 

- 53 

- 52 

- 52 
+ 145 
+ 130 
+ 207 
+ 33 
+ 21 
-109 

- 99 
+ 208 
+ 21 
-190 
+ 132 

+ XM 

+ 46 
+ 50 

- 13 
+ 49 
+ 79 
+ 146 
+ o7 
+ 21 
+ 20 

4- Q4 

— — Ji 

+ 9 
-229 

+ 287 

- 92 
+ 162 
+ 195 
+ 139 
+ 121 
-137 
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Table of Disturbing Forces —continued. 



No. of 


Name of Station. 


F. 


0. 


z. 


fetation. 






/ 




103 


Leeds 


45 


o 

- 51 


+ 59 


104 


Leicester 






108 


- 95 


- 27 


105 


Lincoln 






89 


- 48 


+ 172 


106 


Llandudno .... 






159 


+ 134 


+ 12 


107 


Llangollen .... 






71 


+ 107 


- 9 


108 


Llanidloes .... 






20 


-140 


"™ tmiU 


109 


Loughborough . 






155 


- 65 


+ 22 


110 


Lowestoft .... 






61 


+ 116 


+ 192 


111 


Mablethorpe 






34 


+ 113 


+ 163 


112a 


Malvern, Oolwall . 






119 


-140 


• • 


1125 


„ Great Malve. 


rn 




121 


+ xAi 


+ 21 


112c 


„ Wells . . 






81 


+ 149 


• m 


ll2d 


„ Mathon . 






147 


- 98 


» » 


113 


Manchester .... 






105 


-104 


- 50 


114 


Manton ..... 






70 


- 18 


+ 79 


115 


March 






36 


+ u 


+ 111 


116a 


Melton Mowbray . . 






185 


+ 85 


+ 305 


1166 


J? JJ * 




* 


182 


+ XO a, 


+ 80 


117 


Milford Haven, . . . 






98 


- 23 


— 72 


118 


Newark ..... 






56 


' + 49 . 


+ 6 


J. Xt7 


Newcastle .... 






35 


- 27 


A 

Tt2 


120 


Northampton . . . 






111 


+ 165 


- 69 


121 


Nottingham .... 






33 


- 27 


+ 179 


122 


Oxford ..... 






38 


-153 


+ 169 


123 


Peterborough 






52 . 


+ 56 


+ 150 


124 


Plymouth ..... 






30 


+ 168 


-210 


Xfa.0 


Port Erin .... 






135 


-134 


- 55 


126 


Preston .... 






4 


- 34 


+ 49 


127 


Purfieet .... 






60 


+ 111 


+ 89 


128 


Pwllheli 






125 


+ 45 


+ 114 


129 


Ramsey .... 






121 


-150 


+ 4 


130 


Ranmore .... 






85 


+ 65 


+ 11 


131a 


Reading .... 






49 


- 8 


+ 235 


1316 


,, (Oaversham) 






84 


- 10 


« • 


132 


Redcar .... 






23 


- 15 


+ 11 


133 


Ryde ...... 






59 


- 56 


- 18 


134 


St. Gyres (Exeter) 






72 


+ 50 


- 5 


135 


St. Leonards . . . 






6 


- 31 


- 61 


136 


Salisbury .... 






91 


- 29 


+ 43 


137 


Scarborough . . . 






47 


+ 52 


+ 63 


138 


Shrewsbury . 






118 


-173 


-319 


139 


Southend .... 






81 


+ 126 


+ 74 


140 


Spalding ... . 






134 


- 98 


- 48 


141 


Stoke-on-Trent . . 






17 


+ 10 


+ 85 


142 


Sutton Bridge . . 






55 


- 51 


+ 200 


143 


Swansea .... 






105 


+ 4 


+ 30 


144 


Swindon .... 






4 . 


• » 


+ 38 


145 


Taunton . . ' . . 






26 





- 59 


146 


Thetford .... 






17 


•7 


+ 94 


147 


Thirsk ..... 






38 


+ 138 


+ 173 


148 


Tilney ..... 






29 


- 4 


+ 311 


149- 


Tunbridge Wells . 






22 


+ 95 


-104 


150 


Wallingford . . . 






26 


-108 


+ 145 


151 


Weymouth . 






13 


180 


—144 


152 


Wheelock. . 






s a 


« » 


e a 


153 


Whitehaven , . . 






42 


+ 69 


+ 24 


154 


Windsor .... 




• a 


58 


+ 104 


+ 136 
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Table of Disturbing Forces — continued. 



No. 
of Station. 


Name of Station. 


F. 


0. 


Z. 


155 


Wisbech. 




22 


+ 30 


+ 227 


156 


Worthing 








44 


+ 90 


+ 24 


a 


Greenwich 








36 


+ 79 


- 5 


s 


Stonyhurst . 








22 


- 93 


-223 


157 


Armagh .... 








25 


+ 27 


-158 


158 


Athlon e .... 








59 


- 81 


- 68 


159 


Bagnalstown. . . 








38 


+ 131 


-113 


160 


Ballina 








224 


-146 


- 74 


161 


Bally william . 








104 


-154 


+ 45 


162 


Bangor .... 








68 


+ 3 


- 93 


163 


Bantry 








39 


+ 52 


- 12 


164 


Carrick- on- Shannon . 








49 


+ 72 


-171 


165 


Castlereagh . . 








37 


+ 107 


+ 25 


166 


Oavan 








68 


+ 177 


-111 


167 


Charleville . .' . , 








31 


-147 


-152 


168 


Clifden 








183 


+ 145 


+ 37 


169 


Coleraine .... 








226 


-162 


+ 106 


170 


Cookstown Junction . 








402 


- 6 


-677 


171 


Cork 








52 


+ 49 


+ 3 


172 


Donegal .... 








56 


+ 63 


-250 


173 


Drogheda .... 








44 


+ 33 


- 14 


174 


Dublin .... 








103 


+ 21 


-126 


175 


Enniskillen . 








1 107 


+ 160 • 


- 78 


176a 


Galway . . 








| 386 


+ 159 


-338 


1766 


55 .... 








97 


+ 106 


- 51 


177 


Gort 








67 


- 5 


+ 56 


178 


Greenore 








| 134 


+ 78 


- 60 


179 


Kells ..... 








1 108 


+ 14 


+ 106 


180 


Kildare 








j 53 


+ 36 


-118 


181 


Kilkenny 








43 


+ 41 


— 4 


182 


Killarney .... 








85 


+ 42 


- 54 


183 


Kilrush .... 








29 


+ 110 


- 4 


184 


Leenane 








195 


-151 


-151 


185 


Limerick .... 








105 


+ 14 


— 89 


186 


Lisdoonvarna 








117 


- 7 


+ 100 


187 


Lismore .... 








36 


+ 46 


-135 


188 


Londonderry 








24 





-116 


189 


Oughterard . 








92 


+130 


+ 183 


190 


Parsonstown . 








8 


■ -140 


+ 48 


191 


Sligo 








107 


-126 


- 79 


192 


Strabane .... 








45 


-102 


-163 


193 


Tipper ary . . . 








38 


+ 47 


- 31 


194 


Tralee 








» • 


• • 


• • 


195 


Yalentia .... 








118 


+ 42 


- 53 


196 


Waterfoot .... 








85 


-176 


+ 1 


197 


Waterford . . 








18 


- 98 


-118 


198 


Westport .... 








174 


-116 


+ 196 


199 


Wexford .... 








70 


-134 


+ 15 


200 


.Wicklow .... 








36 


-114 


-117 
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Subveys of Selected Districts, 

Having described and, as we hope, justified the methods by which we propose to 
investigate local and regional disturbances, we now proceed to discuss their applica- 
tion to districts of which we have made a special study. The results we shall arrive 
at will help us in the further elucidation of the magnetic state of the whole country. 

The Malvern Hills. 

The general nature and direction of the magnetization of igneous rocks is a problem 
on which comparatively few observations have been made. It is, indeed, known that 
when examined in detail they present great irregularities, and Commander Creak, 
F.R.S., has shown ('Roy. Soc. Proc.,' vol. 40, 1886, p. 83) that when islands disturb 
the magnetic needle in the northern hemisphere they attract, and in the southern 
repel the north-seeking pole of a magnet. This is what would be expected if they 
were the upper extremities of magnetic masses magnetized by the Earth's induction. 

In like manner in Sweden, where (as has already been stated) the method of 
searching for iron ore by means of the magnet has been carried to considerable 
perfection, the assumption made, and justified by experience, is that the upper parts 
of the beds of ironstone attract the north-seeking pole. 

Observations somewhat similar to those of Commander Creak can be carried out 
on land in cases where igneous rocks rise in the midst of sedimentary deposits, and 
such observations are specially interesting in cases, such as that of the Malvern Hills, 
in which the axis of the magnetic mass runs north and south. 

If its depth is considerable with respect to its length, and if it is magnetized by 
induction, we should expect the upper visible parts to attract (in the northern hemi- 
sphere) the north-seeking pole. If, on the other hand, it is possible to conceive of a 
shallow mass of magnetic rock surrounded by non-magnetic matter, the northern end 
might repel the north-seeking pole. Finally, if the mass was itself magnetized 
independently of the present inductive action of the Earth, as is certainly the case 
with small masses of highly magnetized lodestone. its effect on a compass needle could 
only be determined by experiment. 

With the view, then, of making a beginning towards the study of these questions 
in the United Kingdom, we determined the polarity of the northern end of the 
Malvern Hills. 

This range consists of syenite and granite. The mass of igneous rocks runs due 
north and south for about eight miles, and is at the broadest part but little more 
than half a mile wide. On its eastern side is a great fault which extends many miles 
north and south of the range itself. Two stations, Great Malvern (1126) and Malvern 
Wells (112c), were taken on the eastern side of the hills. They were both on the Red 
Marl, and distant about a mile and a quarter from the centre of the range. Two 
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corresponding stations were also taken on the western side at about the same distance, 
and both on the Old Red Sandstone. Of these Mathon (112c?) was Q'3 mile to the 
north of the latitude of Great Malvern, and the line joining them cuts the range at 
about a mile from its northern end, passing close to its highest point. Col wall (112a) 
is about three-quarters of a mile to the south of the latitude of Malvern Wells, and 
the line joining them cuts the range about 2^- miles south of the northern termination 
of the igneous rocks. 

The Declination and Force were determined at all these stations. Time did not 
allow of the Dip being taken elsewhere than at Great Malvern. 

The results are given in the following Table : — 



Easter Stations {gX^tX s ; 

x*r 4. cu x* / Mathon . 
Western Stations < ^ -, n ^ 

[ Uolwall Green . 



Declination. 



19 33-0 

19 22-4 

18 46-5 

19 36 



Force. 



1-7687 
1-7682 
1-7655 
T7627 



From these the disturbing forces were deduced, the notation being the same as that 
used on p. 268. 



-'"■■' 

Great Malvern .... 
Malvern Wells .... 

Mathon . 

Col wall Green 


F. 


■■■ "" ■— -.— .— «— — ■"■."■■■ '■■'■ *% 

0. 


•0121 
•0081 
•0147 
•0119 


126-6 

148-7 
- 97-8 
-140-4 



The accompanying Map shows the direction of these forces and their relative 
magnitudes. The Worcestershire Beacon (1440 ft.) is the highest point on the range ; 
to the south of this the height diminishes, and then increases again to the Hereford- 
shire Beacon. The directions of the disturbing forces tend towards these hills, and 
the results are, we think, only compatible with the view that the Malverns attract the 
north-seeking pole of the magnet. 
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Fig. 12. 



P B liw n m n'WM Kaiw ftt 




Disturbing Forces near the Malvei^n Hills. 



The Island of Canna. 



The attraction exerted by the Malverns having been demonstrated, it is convenient 
to discuss in the next place a locality where the disturbances are enormously greater. 

Popular tradition has long attributed to the basaltic rocks of the Island of Canna 
the power of deviating the needle through very large angles. The compasses of 
passing ships are supposed to be affected by the eastern extremity of the island, on 
which stands Compass Hill. 

Magnetic observations were made on the Island by Sir Frederick Evans ( g Phil. 
Trans./ 1872, vol 162, p. 325), but, we have, we believe, been able to add con- 
siderably to what was already known of its magnetic properties. 

The island, which is about fifteen miles south-west of Skye, is about five miles long, 
its greatest length lying nearly due east and west. It is divided into two approxi- 
mately equal portions by a neck of comparatively low elevation. The highest ground 
is in the eastern part where it rises to a height of 724 feet, and our observations have 
been confined to this portion. The cliffs on the north side are here some hundreds of 
feet in height and fall sheer into the sea. On the south side several small valleys 
lead to the shore, but the hills rise very steeply about a quarter of a mile inland, and 
the tops of several consist of irregular masses of basaltic columns. On Compass Hill, 
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which is the most easterly point on the island, the longer axis of the mass runs north 
and south. Its height on the inland side is from 20 to 40 feet, while it falls steeply 
towards the sea. On another hill which rises behind Kaill, the residence of R. Thom, 
Esq., the columnar mass is small and more clearly defined. The north or landward 
side is 15 or 20 feet high, the south side is a steep cliff. We roughly estimate the 
length at about 50 yards. In fig. 13 the position of this hill is indicated by B, that 
of the highest point on the island by A, and that of Compass Hill by C. 

In 1884 we determined the magnetic elements by means of the Kew Magnetometer 
No. 60, and the Dip Circle No. 74, at the position marked P. The differences between 
the observed and calculated values are given in the following table :— 



Date 1884. 


Declination 

Dip .... . . 

Horizontal Force . . 


Observed. 


Calculated. 


Difference. 


21 8-4 

72 45-0 

1-5092 


2°3 6-5 

71 32-7 

1-5607 


-1 58-1 
1 12-3 

- -0515 



Fig. 13. 





22 V 12 

A15 

6 15 i:3 i6 




Stations on Canna. 



Although these observations show that the station was highly disturbed, the eflect 
on the Declination is not so great as to be detected, except by a careful observation. 
In 1888 we observed by means of a small azimuth compass at 23 stations which are 
indicated on the map, and determined at each the bearings of a number of distant 
points. The observations were made on August 16 and 17, bright sunny days with 
a northerly wind, on which the atmosphere was very transparent. We were therefore 
able to take the bearings, not only of prominent headlands on Skye and Rum, but also 
of some distant objects, such as the Ushinish Lighthouse on N. Uist in the Hebrides. 

The azimuth compass was a small instrument which did not admit of great accuracy, 
but, as will be seen in the sequel, it was .sufficient for the purpose we had in view. 
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We carried a chart with us, and marked the position of each station while on the 
spot. On the average, about four bearings were taken at each station, and at no 
station was the number less than two. 

The bearings of the objects selected were afterwards taken from the chart, and, by 
comparing these with the observations, the Declination was determined. The agree- 
ment between the individual observations at each station was in general only 
moderately good, but, even in cases where only two observations were taken, we think 
the means are accurate to about half a degree, 

Throwing out thirteen stations which were evidently highly disturbed, we took the 
mean of the Declinations at the other ten as giving the mean Declination for the 
easterly half of the island, which is 22 0, 8. 

By subtracting this from the Declinations found at the stations, we obtained the 
disturbance of the Declination at each. The results are given in the following 
Table :— 



Station. 


Disturbance. 


Station. 


Disturbance. 


I. 


(A W. 


XIII. 


04 E. 


II. 


1-6 E. 


XIV. 


6'0W. 


III. 


0-9 W. 


XV. (W.) 


1'9W, 


IV. 


3-3 W. 


XVI. (S.) 


10-4 E. 


V. 


11 W. 


XVII. (E.) 


3*6 E. 


VI. 


16 E. 


XVIII. (N.) 


11-5 W. 


VII. 


1-5 W. 


Xl^A.. 


5-8 E. 


VIII. 


1-3 W. 


XX. (N.) 


9-9 W. 


I.X. . 


81W. 


xxi. (wo 


25-8 E. 


X. 


0-6 E. 


XXII. (S.) 


103 E. 


XI. 


5-8 E. 


XXIII. (E.) 


238 E. 


XII. 


0-3 E. 







Stations XV. to XVIII. inclusive were taken round the basaltic mass on the summit 
of the hill behind Kaill, and on the sides indicated by the letters which follow the 
numbers. 

Stations XX. to XXIII. were in like manner taken round the summit of Compass 
Hill. In both these cases the compass was generally within a foot or two of the 
basaltic columns. The observations, therefore, show that these are powerfully mag- 
netic. The disturbing force at Station XXI. was nearly half that due to the horizontal 
intensity of the earth's magnetic field. On the other hand, it is evident that their 
influence diminishes very rapidly with the distance. Station VI. was only a few hundred 
yards from the hill behind Kaill, yet the compass was not affected by more than 1 0, 6. 

Stations L, II., III., and IV. are grouped round the southern half of Compass Hill, 
at distances between 200 and 500 yards from the summit ; but the largest disturbance 
of the Declination is 3°'3 W. 

Stations XXIII. and II. are situated one above the other on the eastern side of 
Compass Hill, the horizontal distance between the two being not more than 80 yards ; 
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yet the disturbance diminishes from 23°*8 E. at Station XXIII., near the top of the 
hill, to 1°*6 E. at Station II., near its base. 

These conclusions are completely borne out by observations made on the " Coven- 
tina," in which we visited the island in 1884 and 1888. 

On leaving Canna for Loch Boisdale in 1884 we sailed as close as possible to the 
northern face of the island, and took frequently the compass bearings of points on 
Skye. We were unable to detect the smallest deviation of the needle. 

In 1888 observations were made under still more favourable circumstances. We 
approached the island from the north, and, when about three miles distant, the yacht 
was directed towards a mark on Rum, by which its course could be kept without 
reference to the compass. We were then sailing magnetic S. |- E., in the most favour- 
able direction for the effect of Compass Hill (if any) to be detected. We passed it 
within 200 yards of the shore, but observed no deviation of the compass ; and we are 
quite certain that, if there was any, it was less than one-eighth of a point, i.e., less 
than 1 0, 5. 

The net result of our observations is that the basaltic cliffs of Canna are powerfully 
magnetic, and may deviate the needle of a compass placed near them by about two 
points, i.e., about 23°, but that the effect diminishes very rapidly with the distance, and 
is inappreciable on a ship's compass 200 yards from the base of the hill, to which 
tradition ascribes, and in which we have ourselves detected, the most powerful 
magnetic properties. 

We have adopted 22°*8 as the mean value of the Declination at the less disturbed 
stations in Canna in August, 1888 ; this leads to 23° 13' for January 1, 1886, which is 
only 6' in excess of the calculated value. This is interesting, inasmuch as Plate IX. 
shows that neighbouring stations have Declination disturbances of opposite signs, 
and indicates that a line of no regional disturbance runs near to Canna. 

Thus the four stations, Kyle Akin (No. 35), Soa (No. 46), Canna (No. 14), and 
Loch Boisdale (No. 10).: lie very nearly in a straight line, and the disturbances of the 
Declinations vary continuously, being 28'*0, 18'*4, 6'*0, and — 45'*9, which proves 
that Canna lies near an attractive centre or ridge. This is in harmony with the fact 
that the disturbance of the Vertical Force is positive, and is enormously great, 
amounting to 0'1839, or about 0*04 of the whole Vertical Force. 

A comparison of the results obtained at Malvern and Canna points very clearly to 
the otherwise probable conclusion that far-reaching effects are to be expected quite as 
much from the great mass and uniform magnetization of rocks as from their being 
highly magnetized. The basalt of Canna is far more susceptible and more magnetic 
than the Malvern syenite, but we doubt if a mile and a quarter from Compass Hill it 
would produce an effect on the Declination needle at all equal to that which we have 
shown is due at that distance to the Malverns. 
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The Eastern and South-Eastern Counties. 

A problem of considerable interest has to be considered in connection with the 
Eastern and South-eastern counties. In the greater part of this district, the surface 
soil is such that it certainly can produce no marked effect upon the magnet, yet in this 
apparently "good ground," we have found magnetic disturbances of very wide range. 

It is well known that the Declinations obtained at the Kew and Greenwich 
Observatories differ more widely than the difference of longitude will explain. The 
difference is not so great as appears at first sight, as the Kew results as published are 
not corrected for diurnal variation. 

The published mean Declinations at these two stations in 1886 are, Greenwich 
17° 54 /f 5, and Kew 18° 16''9, of which the Kew result must be diminished by about 6'. 
This gives a difference of 16', which exceeds that corresponding to the difference 
of longitude by 10'. We are not aware that any attempt has hitherto been made to 
connect this discrepancy between the Declinations at these two important observatories 
with any regional disturbance in their neighbourhood. 

The fact which first led us to believe that they lie within the area of such a 
disturbance was that there is not only a small decrease in the Declination between 
Kew and Reading (instead of an increase as the difference of longitude requires), but 
that there is also a very small difference between Worthing and Byde. 

The Declination at Reading should be about 20' greater than that at Kew, but the 
observation made there in 1886 proved that it is 1/ less. 

The Declination was again determined in 1888 at the same spot near Reading, with 
the result that the Declination, when reduced to epoch, came out 3'*6 lower than 
before, thus increasing the discrepancy between the actual and calculated differences 
between the two stations. 

In like manner, the difference of longitude between Ryde and Worthing is 
equivalent to a change of 22' in the Declination, whereas the observed value at Ryde 
was only 2'*6 higher than that at the more easterly station. 

In order to investigate these differences more fully, we determined to run a chain of 
stations along the valley of the Thames, to observe at another series half-way between 
the Thames and the Channel, and to interpolate a station between Worthing and Ryde. 

The result is shown in the annexed diagram (fig. 14). Horizontal lengths indicate 
the longitudes of stations and vertical lines the Declination. 

Three groups of stations, such that all places included in each are of nearly the 
same latitude are taken, thus forming three lines crossing the whole of the south of 
England. In the cases of Weymouth and Ryde, which lie considerably to the south 
of the line which nearly passes through the other stations corrections of 14' and 7' 
respectively have been added. Chichester is to the north of the line and its Decli- 
nation has also been corrected by 7'. 

It will be noticed that all three exhibit an anomaly on or immediately to the south 
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of a line joining Greenwich and Reading. In the valley of the Thames the Declina- 
tion attains a maximum value near Windsor and a well marked minimum near 
Reading. To the south of this district there is a remarkable slackening in the rate 
of increase of the Declination. 

An inspection of this figure is sufficient to prove that the anomaly in the Declina- 
tion difference of Greenwich and Kew is not due to any accidental peculiarity of the 
position of either observatory, but is the result of a regional disturbance extending 
at least from that part of the valley of the Thames which lies between Greenwich 
and Reading to the south coast. 
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1930 



19" 



18° 30' 



2^ 



8 



»* \ 



17*30' 



i7'\S 



Declinations at- 



1. Soutnend 

2. Purfleet 

8. Greenwich 

4. Kew 

5. Windsor 

6. Reading 



7. Clifton 

8* Cardiff 

9. Dover 
10. Tunbridge Wells 
1L Horsham 



12. Haslemere 
13* Alresford 

14. Salisbury 

15. Taunton 

16. St. Leonards 



17. Worthing 

18. Chichester 

19. %de 

20. Weymouth 

21. Exeter. 



The curves in the diagram when compared with figs. 7 and 8 (p. 263) are seen to be 
such as would be produced if a centre of force attracting the north-seeking pole of a 
magnet were situated near Windsor. Immediately over such a centre the value of 
the Declination would be normal, while it would be too great and too small at stations 
to the east and west respectively. If the centre were relatively weak the increase in 
the Declination with longitude instead of being represented by the slope of a straight 
line would be given by a curve of the same type as that in fig, 7, if it were strong we 
should have a curve like that in fig. 8. 
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Fig. 15 shows the true isogonals in this part of the country and proves that the 
form they assume corresponds to the last case. 

The existence of a widespread disturbance is proved not only by the remarkable 
bend in the 18° 10' isogonal between Kew and Reading, but also by several other 
stations. Thus the Declination at Harpenden is the same as that of Kew (18° 16'), 
though it is about thirty miles to the north of it and should therefore be 9 7 greater. 
Again, Ranmore, Haslemere and Air esford, with Declinations of 18° 9', 18° 8' and 
18° 10' prove that the 18° 10' line has really the great inclination to the meridian 
which the outer curves in fig. 6, p. 262, show. They are further supported by Horsham, 
Chichester, and Ryde, with Declinations of 18° 3', 18° 5 7 and 18° 2' respectively. 

The isoclinals and lines of equal Horizontal Force do not show any equally striking 
peculiarities in this part of the country. The latter, however, run a little too far 
north to the south of the Thames (see Plate VII.). This is as it should be, for to the 
south of an attracting centre the Horizontal Force will be abnormally great. 



Fig. 15. 
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Isogonals in South-Eastern England. 



The point at which the terrestrial and true isogonals would intersect if the district 
were not otherwise disturbed is marked by a dot, which will hereafter be called the 
focus of the Reading disturbance, 
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Let us now turn to the calculated disturbances of the elements. In the accom- 
panying map (fig. 16) the figures represent the differences between the obseryed and 
calculated values of the Declination expressed in minutes of arc, and taken as positive 
when the needle is turned to the west. There is a sharply marked boundary between 
the regions of positive and negative disturbance which passes through the focus. To 
the west of it the needle is deflected to the east and vice versa. 



Fig. 16. 




Declination disturbances in minutes of arc. 
-f- Indicates that the observed westerly Declination is greater than the calculated value. 

Curve of no disturbance. 



To the south of the focus the needle is oppositely deflected on each side of a line 
which runs nearly due north and south. To the north the effect on the Declination 
needle dies out. 

If the cause of the disturbance were a mass of " magnetic matter " below the 
surface of the Earth symmetrical with respect to the isogonals, the line which divided 
easterly from westerly disturbances of the Declination would intersect that which 
divided positive from negative disturbances of the Horizontal Force over the focus or 
centre. The next map (fig. 17) shows that this condition is very nearly fulfilled, the 
two points being only 7 or 8 miles apart. Lastly, the maximum disturbance of the 
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Vertical Force should occur at the same point, and fig. 1 8 shows that we find it to be 
at Reading, which is our nearest station to the two points found as above described. 
All three elements then combine to indicate that the centre of the Thames Valley 
disturbance lies between Reading and Windsor, and is a few miles to the north and 
east of Reading. 



Lug. 17. 
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Horizontal Force disturbances in terms of 0*001 metric unit. 
+ Indicates that the observed is greater than the calculated value of H. 

Locus of no declination disturbance. 

. Locus of 110 horizontal force disturbance. 



The Map of Vertical Force disturbances, however, teaches us a good deal more. If 
we draw contour lines to enclose all stations at which the Vertical disturbing Force is 
greater than 0*010 and 0*015 metric unit respectively, the first comprises two 
independent curves, the one embracing a large area around the focus, and the other 

surrounding Chichester. 

If the cause of the phenomenon were an underground mass of igneous rock we might 
picture it as a sub-terrestrial mountain of which the peak is near the focus. The 
slope would be most rapid towards the south-east. Two ridges would run north-east 
and north-west towards Oxford and Cambridge, a third, less lofty, to Chichester, and 
a fourth, nearly due east, terminating very abruptly at Kew. If all this were so, the 
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disturbing forces at stations in the neighbourhood ought to be directed towards the 
lofty central mass. Close to the peak it would itself form the centre of attraction. 
At stations near to, but not over, outlying ridges, the needle might be deflected 
towards them. Immediately over a ridge the direction of the disturbance would 
change rapidly, and thus give an idea of instability. The Horizontal Forces would 
be least over the peak, would increase up to a certain distance, and would finally die 
out. 

Fig. 18. 
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Vertical Force disturbances in terms of 0*001 metric unit. 
4- Indicates that the observed is larger than the calculated value. 
_ _ — Contour lines of equal Vertical Force disturbance. 



In fig. 19 we have depicted the disturbing Horizontal Forces. They are drawn in 
the proper directions, and to a scale on which 0*9 mm. corresponds to 0*001 metric 
units. They fulfil the above conditions exactly, and we think leave no doubt 
that in the south-east of England over an area of 10,000 square miles the lines of 
magnetic disturbing force tend to a centre which lies near to and probably between 
Twyford and Henley-on-Thames. We have treated this district in great detail, 
because we rely upon these results to prove that the methods of calculation and 
deduction adopted are satisfactory, at all events in districts where the surface rock 
or soil is non-magnetic. If the results attained elsewhere present greater difficulties 
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it must be due to the greater complications introduced by the interference of local 

with regional disturbances. 

Fig. 19. 




Disturbing Horizontal Magnetic Forces in South-Eastern England. 

The maps which have been used to illustrate our discussion of the Reading disturb 
ance give indications of other minor centres, and in particular the isogonals are 
considerably distorted in the north. It appears that if we draw a line through 
King's Lynn (No. 100), Spalding (No. 140), Melton Mowbray (No. 116), Lough- 
borough (No. 109), Birmingham (No. 63), and Malvern (No. 11 2), the district through 
which it passes is the seat of local disturbances, which, though individually less wide- 
spread than that already discussed, are nevertheless of considerable intensity. 

We will now investigate several points in this neighbourhood. It will not be 
necessary to do this in the same detail as before. The places to be considered lie so 
near to the borders of the district already studied, that methods which are so consis- 
tent in the one cannot be subject to any important error in the other. 



The Wash. 

We have discovered a. remarkable disturbance in the neighbourhood of the Wash. 
No more unlikely region could primd facie have been suggested, but the evidence for 
its existence is conclusive. 
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Our attention was first called to it by the fact that the Declination found in 1888 
at Spalding is less than that observed at King's Lynn in 1886. Allowing for the 
difference of longitude, the Declination at Spalding ought to be about 16' greater than 
at King's Lynn. The two values found and reduced to epoch were 

King's Lynn, 1886 17 57'9, 

Spalding, 1888 17 51-6. 

Thus, if the King's Lynn value is normal, that at Spalding is 22' too small. 



Fig. 20. 
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Disturbing Horizontal Magnetic Forces near the Wash. 

A special survey was therefore made of the district with the following results. 

A chain of stations was run along the edge of the Wash. The measurements at 
King's Lynn were repeated near to, but not on the same site, and observations were 
made at Clenchwarton and Sutton Bridge between King's Lynn and Spalding. The 
latitudes of these stations did not differ by more than 2' ; the longitudes and Declina- 
tions were as follows : — 



Stations. 


Longitude. 


Declination. 
Jan* 1, 1886. 


King's Lynn (Gaywood 1888) 
King's Lynn (1886) . . . 
Clenchwarton (1888) . , . 
Sutton Bridge (1888) . . . 
Spalding (1888) 


26-0 E. 
24-3 E. 
21-3 E. 
11-8 E. 
8-6 W. 


o / 

18 1-7 

17 57-9 

18 10-3 
17 54-1 
17 51-6 
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These results make it certain that near the south of the Wash the Declination 
diminishes instead of increasing (as at normal stations) with the longitude. 

The accompanying map shows the directions and magnitudes of the disturbing forces 
in this district, They indicate a centre of attraction to the north of the line which 
joins Spalding and King's Lynn. 

The Leicestershire District. 

Another series of local disturbances exists to the west of that which has just been 
described. The facts which first attracted our attention to it were that at two pairs of 
stations, viz., Birmingham and Northampton, Leicester and Peterborough, the observed 
Declination at the more westerly was only about 2' greater than that at the more 
easterly station, though the calculated differences were as much as 35' in the first case, 
and 27' in the second case. 

The observations indicated that in this district the isogonal lines run nearly east 
and west instead of nearly north and south, and we proceeded to investigate their 
forms more closely. We thought that the anomaly was probably connected with 
the fact that in Charnwood Forest, which is not very distant from Leicester, igneous 
rocks appear upon the surface, and observations were made round this district, though 
we were always careful that our station should be on what was apparently good 
observing ground. 

We have thus confirmed the existence of a great easterly trend in the isogonal lines, 
and though the magnetic state of the district appears to be complicated, and to require 
further investigation, we have also established several facts w r hich will probably prove 
to be of fundamental importance in the solution of the problems connected with it. 

Three of the most interesting stations are Coalville (No. 76), Loughborough 
(No, 109), and Melton Mowbray (No. 116). Loughborough and Coalville are both 
on the Eed Marl, with alluvium near to the streams. Between them lies Charnwood 
Forest, in which are masses of porphyry, greenstone, and syenite. 

We should, perhaps, expect from the analogy of the Malverns that at these two 
stations the needle would be attracted towards the crystalline rocks. This does not 
appear to be the case, or, as is more probable, the stations are too far distant to be 
affected. At Loughborough, which is the more easterly station, the disturbance of 
the Declination is 30''3 towards the east, while at Coalville it is in the same direction, 
but only to the extent of ll /, 2. 

About 12 or 13 miles further to the east is Melton Mowbray, situated on Lower 
Lias clay with argillaceous limestone at its base, yet a series of observations made 
here on April 22, 1888, gave a Declination disturbance of + 32', i.e., towards the 
west. Unfortunately, the observation for the geographical meridian could only be 
made near noon, as the sun was invisible during the rest of the day ; but so 
remarkable did the result appear that the place was revisited on April 30. Another 
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station on the other side of the town, about a mile and a half distant from the first, 
was chosen, and the new observation was made under favourable conditions at about 
5.45 p.m. The result indicated a Declination disturbance of + 26', which was in 
close accord with that previously obtained. At first sight, then, it appears that the 
peculiarities of the district might be explained by the hypothesis that a centre of 
force, powerful relatively to Charnwood 4 Forest, exists somewhere between Melton 
Mowbray and Loughborough. The disturbances of the Declination at these two 
stations are in opposite directions and of nearly equal amounts. This view does not, 
however, correspond with the directions of the disturbing forces obtained at Melton 
Mowbray. If it were correct they should both have acted in nearly parallel 
directions towards the west. As a matter of fact, at the first station the disturbing 
force acts nearly due west, while at the second it is only 1 1° from south. 

This indicates that the disturbance at Melton Mowbray is of a more local character, 
and cannot, in the manner suggested, be brought into relation with the oppositely 
directed disturbances at Coalville and Loughborough. 

If, however, we turn from the Horizontal to the Vertical disturbing Forces we find 
that the peculiarities of these various stations may be connected, and that a magnetic 
map of the district can be drawn which may furnish the first rough outlines to which 
details may hereafter be added without rendering them substantially incorrect. 

This explanation is based upon the fact that whereas in this part of England 
the disturbances of the Vertical Forces are for the most part positive, at four con- 
secutive stations in this neighbourhood they are negative. 

These stations are Coalville, Leicester, Kettering, and Northampton. Whether 
the low Vertical Forces are due to the presence of a repulsive centre, or to a deep cleft 
or valley in the attracting mass, we cannot tell. Indeed, the latter hypothesis might 
account for a repulsion if the mass of attracting matter which we have supposed to 
culminate in the Heading peak terminated abruptly on its northern edge. For, if it 
were magnetised by induction it is possible that some of the lines of force might 
escape upwards to the surface, diminish the Vertical Force, and urge the north pole 
northwards. 

Contour lines drawn as in the accompanying map (fig. 21), indicate the possibility 
of a very sudden rise in the magnetic matter from a line drawn through Coalville, 
Leicester, and Kettering, to another which passes through Chesterfield, Nottingham, 
Melton Mowbray, and Peterborough. This view is supported by the fact that a 
ridge line, on passage across which the disturbance of the Declination changes sign, 
runs from near Chesterfield to near Melton Mowbray. 

If this view were correct, Melton Mowbray would have to be regarded as near the 
summit of an extremely steep peak, as the Vertical Force changed from 0*0305 to 
0*0080 in the small distance between the two stations. The direction of the 
Horizontal Forces would indicate a point a little to the west of both stations as the 
actual peak. 

MDCCCXC. — A. 2 V 
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Fig. 21 is an attempt to realise the magnetic constitution of this part of England 
from this point of view. In studying it we must remember that the direction of the 
Horizontal Force at a station where the Vertical Force is a maximum or minimum must 
be indeterminate in the sense that it cannot be deduced from the Vertical Forces 



Fig. 21. 




Contour lines of Vertical Disturbing Force and Horizontal Disturbing Forces in South-Eastern 
England. Each darker tint corresponds to an increment of 0*0100 metric unit in the Vertical 
Disturbing Force. 

at neighbouring stations. All that we know when the Vertical Force is a maximum 
is, that a peak is probably in the neighbourhood, but on which side of the station we 
do not know, unless, as in the case of the Reading disturbance, other stations indi- 
cate it. 
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The whole district may apparently be divided into four parts, of which the 
boundaries are indicated on the map by heavy lines. 

The southernmost is the region of the Reading disturbance. The tendency of the 
Horizontal Forces to act towards regions of high Vertical Force is unmistakeable. At 
King's Sutton the direction of the resultant appears to be affected by the region 
of high Vertical Force to the north, near Kenilworth. At Worthing and Ryde the 
Horizontal Forces point direct to the Chichester peak. At Purfleet and Southend 
the directions of the Forces are more southerly than the distribution of the Vertical 
Forces would have led us to suspect. 

The most easterly district is that of the Wash disturbance. Near King's Lynn 
the Vertical Force is great. It is greatest at Tilney, which is the central station. 
The Forces at neighbouring stations converge to a point to the north of this, and the 
Horizontal Force at Tilney itself is directed northward. It is therefore likely that 
here, as in the case of Reading, the true peak, though, near, is not at the spot at which 
we found the greatest Vertical Force. It probably lies to the north of it. 

The central district is that of the Leicestershire disturbance. Here the phenomena 
are more complicated, and we wish it to be distinctly understood that we think it 
probable that Melton Mowbray does not occupy the position of unique importance 
which our observations allot to it. Nevertheless, we must point out that the hypo- 
thesis that a narrow ridge of attracting matter runs somewhat in the position we have 
assigned to it, is remarkably supported by the direction of the Horizontal Forces at 
Coalville, Loughborough, Leicester, and Manton, which would all be explained on this 
hypothesis. At Melton Mowbray the directions are, of course, indeterminate by 
means of the Vertical Force, and it is quite possible that the phenomena observed 
there may be due to some relatively small dyke, and not to an uprising of a part of a 
widespread mass of igneous rock. Until this district is more fully surveyed we are 
justified in adopting the view represented on the map, which is consistent with all 
the known facts. 

There is, however, one station in the district, viz., Birmingham, which is not in 
harmony with the rest, as the direction of the Horizontal disturbing Force is toward 
the region of minimum Vertical Force. Perhaps this indicates that this region is not 
connected, as we have supposed, with the larger region of low Vertical Force to the 
west, but that the two are severed by a district of high Vertical Force running from 
Birmingham northward. Future investigation can alone decide this question. 

The most northerly of the four districts is almost outside the region of our special 
surveys.- We only introduce it to show that there is a large region of high Vertical 
Force to the north of Melton Mowbray, and that, therefore, there is nothing anomalous 
in the northerly directions of the Horizontal Forces at Nottingham and Grantham. 
If it be true that in the Leicestershire disturbance the attracting matter lies within 
narrow limits, it is quite possible that at these stations the predominant influence may 
be that of the larger northern mass. 
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On the whole, then, if we take the region bounded by the sea, by lat. 53° and 
long. 2° W., which includes about 50 stations, we think the Horizontal Forces 
unmistakeably tend to act toward the region of great Vertical Force. There is one 
striking exception at Birmingham, and one or two more doubtful ones on the lower 
reaches of the Thames, and the rule must be construed subject to the obvious condi- 
tion that a true maximum of Vertical Force, though probably near to, is not 
necessarily at the station at which we happen to have found the largest among the 
Vertical Forces we have measured. 

Subject to these exceptions and to this proviso the rule holds good. 



General Results of the Investigation of the Local and Regional 

Disturbances. 

Having described the results obtained in districts to which we have devoted special 
attention we now proceed to apply the same methods to the whole area of the survey. 
In adopting this course we are fully aware that the number of our stations is not 
sufficient to enable us to speak with any certainty as to the details of the magnetic 
peculiarities of the districts we are about to discuss, and it is quite possible that we 
may have arrived at some conclusions which must hereafter be modified. It appears 
to us that even under these conditions our work is much more likely to be useful if we 
give what only professes to be a first rough sketch map of the magnetic forces in play 
in the country than if we leave our successors to get what hints they can from 
observations which we ourselves have made no attempt to collate. Even, therefore, 
if our conclusions were much less certain than we believe them to be we think it 
would be better to state them. 

Fortunately, however, we are able to take up a much stronger position than this. 
Our conclusions may be tested, (1) by the agreement of the results of the various 
methods of attacking the problem, (2) by the agreement of our results in Scotland 
with those which can be deduced from Mr. Welsh's survey, (3) by the establishment 
of relations between the magnetic phenomena at stations scattered over wide areas, 
and (4) by the establishment of a connexion between the magnetic and geological 
characteristics of various districts. In all these particulars we venture to assert that 
they will bear investigation, and we cannot -but believe that we have detected the 
main directions of the lines of disturbing magnetic force. 

The method we adopt is as follows : — 

We draw the ridge and valley lines (see p. 265) which mark the centres and the 
boundaries of districts which are under the influence of a dominant locus of attraction. 
We take each district bounded by two valley lines, and study it by means of the true 
isomagnetics of the disturbances and disturbing forces, and lastly, we discuss the 
relations between its magnetic and geological characteristics. 
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The following are a priori probable consequences of the hypothesis that each 
district, bounded by two valley lines, is subject to an attraction tending towards the 
centre : — 

(1.) Since the regional forces are weak near a valley line it is in such a position that 
we should expect the effects of such local forces as might exist to predominate, and 
discrepancies to occur more frequently than elsewhere. 

(2.) The centre of a district, in the neighbourhood of the ridge line, should be a 
region of relatively high Vertical Force. It will be remembered that the ridge line is 
drawn by means of the disturbances of the Declination and Horizontal Force only, 
and, therefore, an agreement between its position and that of a region of high Vertical 
Force is an independent confirmation of the accuracy of the theory that the forces in 
play in the district form a connected system, that is, they are regional and not merely 
local. 

(3.) The directions of the Horizontal Forces at points of maximum or minimum 
Vertical Force may be indeterminate in the sense that they cannot be deduced from 
the distribution of the Vertical Forces. This point has already been insisted on. 

(4.) In crossing a valley line both sets of attractions in the region which it separates 
tend to produce a maximum and minimum of the Horizontal Force (see fig. 10, p. 263). 
If the southerly attraction were alone in play both of these would have values less 
than the normal. If the northerly acted alone both values would be greater than 
the normal. Hence, since the maximum will be to the north of the minimum it is 
probable that in producing it the effect of the northern attraction will predominate 
and the values will be greater than the normal, while in the case of the minimum 
they will probably be less. 

Comparison with Mr. Welsh's Survey of Scotland, 

No more severe test of the physical reality of the disturbing forces deduced by 
us from our observations can be applied than by the enquiry whether similar methods 
applied to Mr. Welsh's survey lead to similar results. In part, the severity of the 
test lies in the fact that the methods cannot be precisely similar. As England was so 
imperfectly surveyed in 1857, we are compelled to assume a linear function to express 
the isomagnetics in Scotland at that date. The isogonals and isoclinals were calculated 
by Balfour Stewart, who used the geographical mile system of co-ordinates. Unfor- 
tunately the third element selected by him for calculation was the Total Force, which 
throws but little light upon problems such as those we are now investigating. We 
have, therefore, calculated the lines of equal Horizontal Force, using, as in our other 
calculations, the differences between the latitudes and longitudes and those of the 
central station as co-ordinates, and by combining these with Balfour Stewart's 
calculated values we have found the disturbing forces at the various stations. 

Again, Mr. Welsh omitted the determination of one or more of # the elements 
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at many stations. He apparently had chiefly the terrestrial isomagnetics in view, 
and did not consider that for the discovery of the local peculiarities of a station, it is 
essential that all three elements should be determined at it. In part this omission 
was due to misadventure. A number of Decimation observations had to be rejected 
as the mirror was found to have been out of adjustment. If, therefore, the calculated 
magnitudes and directions of the disturbing forces depend to any great extent on the 
distribution of the stations or on the method of reduction, conclusions drawn from 
Welsh's survey and our own could not be in harmony. 

In the case of the Declination comparison is possible, not only with the survey 
of 1857, but with the observations collected by Sir F. Evans in 1872. "We have 
measured the distances of the stations from the isogonals given by him ( f Phil. Trans./ 
1872, vol. 162, p. 319), and have deduced the disturbances. In the accompanying 
map (fig. 22) we have combined the results of all three surveys. 

The direction of a short line drawn through the stations, shows whether the north 
pole of the needle was deflected to the east or west. Observations made by Mr. 
Welsh are indicated by a dotted line, those due to the naval officers by two 
short lines with a dot between them, and our own by a continuous line. 

A discrepancy between any two of the surveys is thus indicated by a cross. 

Lines of no disturbance are drawn, separating districts in which the regional 
disturbance is of opposite signs, and passing, when possible, through stations at which 
different results have been obtained in different surveys. 

Without insisting on the accuracy of the details of these curves, we think that a 
study of the map can only lead to the conclusion that the districts which they bound 
are affected by some common cause which produces a similar effect upon the needle. 
It can hardly be doubted for instance that the magnet is deviated in opposite direc- 
tions in the neighbourhood of Elgin and Banff. All three surveys agree as to this 
fact. Again, the evidence is very strong that on the mainland to the north of the 
Caledonian Canal, except, perhaps, near Cape Wrath and the Pentland Firth, the 
needle is deflected by regional forces to the east, while in the Islands on the West 
Coast and the Mull of Cantyre it is deflected to the west. Of course it would be 
possible to find in these districts places, such as Canna or the Cuchullin Hills in Skye, 
where large deviations in both directions could be obtained within a few yards, but 
the great majority of survey stations are chosen too carefully for the local error to 
become so overwhelmingly predominant. We have omitted Portree because the 
ground there is known to be unfavourable to our purpose. The differences between 
the three results obtained are too great to make a mean value trustworthy. At 
Canna on the other hand, where it will be remembered we observed at twenty-three 
places, the mean value cleared of the larger disturbances agrees with the results 
obtained at neighbouring stations. 

The following facts are also important. 

Seven stations were common to the surveys of 1857, 1872, and 1886. One of 
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these, Lerwick, we disregard, as it lies so far from the rest of the district. In five 
out of the remaining six the disturbance of the middle epoch as deduced from the 
isogonals given by Sir F. Evans is intermediate to those which were obtained in 1857 
and 1886. At Oban there is an enormous discrepancy, which is not supported by 

Fig. 22. 




Directions of Declination Disturbances. 



the observations made in 1872 and by ourselves on the neighbouring island of 
Kerrera. There can be little doubt that the 1872 observation was subject to a 
powerful local disturbance. The coincidence of the results in the other cases can 
hardly be accidental. The figures are given in the following Table, Kerrera being 
added for the sake of comparison with Oban : — 
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Declination Disturbances. 





1857. 


1872. 


1886. 


Aberdeen ...... 

Edinburgh ..... 

Kyle Akin 

JLV. UI X vl ch t * « * * * 

Thurso ....... 

Wick 


+ 5-1 
+ 19-8 

+ 38-2 

+ 'l*3-8 
+ 1V6 


- 4-0 

+ 10-0 
+ 27-0 
+ 55*0 
- 5-0 
+ 7-0 
+ 7-0 


- 6-7 
-I- 4*2 
+ 24-9 

- 8-3 

- 6-8 

- 5*2 

- 8-5 



It is difficult to offer any satisfactory suggestion as to the causes of the apparently 
regular change. It may be due only to the fact that the three methods of deducing 
the disturbances by calculations are different, or it may be due to real changes in the 
local forces. Such alterations are not impossible since if the rocks were magnetised by 
induction on the earth's field the direction and intensity of the induced magetisation 
would be subject to secular change, but the differences are too great to be explained thus. 

But whether local changes have taken place or not, there can be no doubt that the 
general distribution of the Declination disturbances in Scotland is the same now as it 
was in 1857. 

In Map 22 the dotted lines are the curves of no disturbance which would have 
been drawn from our own observations alone. The differences introduced by the 
addition of Welsh's and Evans's surveys are quite ud important in the North. In the 
South they simplify the lines instead of introducing complications. As the disturb- 
ances at Edinburgh and Berwick are of opposite signs, we had to carry a line of no 
disturbance between them. Mr. Welsh, however, had two stations a little to the 
West of Berwick, viz., Makerstoun and Melrose, and at these the disturbance is of the 
same sign as at Edinburgh. 

The introduction of these justifies us in treating Berwick as an isolated station, and 
the simple system represented by the continuous lines results. We have adopted 
these as the true lines of no Declination disturbance in this part of the Kingdom. 

As Sir Frederick Evans did not add any Dips or Horizontal Forces to the list of 
those already known, we proceed at once to the direct comparison of the disturbing 
forces deduced from our own and Mr. Welsh's surveys. The magnitudes and 
directions of these calculated by us as above described are as follows : — 
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Disturbing Forces in Scotland from Mr. Welsh's Survey in 1857. 



Station. 


Latitude. 


Longitude. 


P. 


0. 


Z. 




o / 

57 9 


o / 

2 05 


163 


-164° 


- 227 . 




57 14 


2 45 


109 


- 43 


- 72 




50 1 


5 27 


43 


+ 151 


- 149 




55 39 


4 47 


• • 


• • 


+ 223 




55 28 


4 38 


59 


-150 


- 147 




57 17 


5 39 


127 


+ 152 


+ 51 


Banff 


57 39 


2 31 


77 


+ 87 


- 148 




57 1 


3 25 


184 


+ 9 


- 178 




55 48 


6 16 


* • 


• • 


+ 309 




57 15 


5 51 


• • 


• • 


+ 417 




58 10 


6 44 


99 


- 6 


- 45 




56 51 


5 8 


100 


- 3 


+ 331 




58 29 


6 17 


90 


+ 67 


+ 283 




56 56 


4 17 


107 


+ 19 


- 133 




55 5 


3 36 


96 


+ 123 


- 172 




58 34 


4 44 


112 


+ 152 


+ 190 




55 58 


3 11 


94 


+ 131 


- 93 




57 9 


4 40 


80 


- 87 


+ 89 




56 38 


5 58 


410 


+ 86 


+ 1310 




57 58 


3 58 


7 


- 90 


+ 293 




55 1 


3 3 


172 


-113 


- 170 




56 2 


4 43 


149 


-139 


- 181 




58 10 


5 12 


248 


-148 


- 608 




57 28 


4 11 


49 


- 39 


+ 163 




57 15 


2 23 


• • 


• • 


- 312 




58 59 


2 58 


153 


+ 45 


+ 250 




57 16 


5 44 


174 


+ 134 


+ 28 


Lamlash 


55 31 


5 5 


• • 


* fc 


- 1 




56 2 


3 49 


• • 


• • 


- 91 




60 9 


1 8 


100 


- 6 


+ 238 


Lochgoilhead 


56 10 


4 54 


66 


- 10 


- 363 




55 35 


2 31 


65 


+ 37 


+ 162 


Newton Stewart . . . . 


54 56 


4 28 


155 


-168 


- 137 




56 27 


5 26 


120 


- 31 


- 303 


Peterhead 


57 31 


1 46 


71 


+ 174 


- 141 


Pitloclirie 


56 42 


3 43 


58 


-150 


- 332 


Port Askaig 


55 52 


6 8 


• • 


• • 


+ 214 




58 15 


6 23 


152 


+ 7 


+ 41 




54 54 


5 2 


175 


-166 


- 333 




58 35 


3 32 


94 


+ 65 


+ 89 


Wick ......... 


58 25 


3 5 


90 


+ 172 


+ 316 



These values are shown in fig. 23. The arrows represent the Horizontal Forces in 
magnitude and direction. The numbers are the Vertical disturbing Forces in terms of 
0*0001 metric unit. When negative they are underlined. Lines of no Vertical 
Force disturbance are also drawn. The shaded parts are regions of positive Vertical 
Force disturbance. A comparison of this with figs. 25 and 26 will suffice to show 
that there is a close agreement between the two. Thus, in the case of the Vertical 
Forces, we both find regions of high Vertical Force along the lines of the Caledonian 
Canal and the Western Isles, and on the East and West Coasts of South Scotland. 
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Pig. 23. 
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Disturbance map of Scotland, from Mr. Welsh's survey, 1857-58, 
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There are a few discrepancies in the direction of the Horizontal Forces, but the 
general agreement and occasional differences will be better discussed when we deal, as 
we are now about to do, with separate districts. We propose to treat of the results 
of the two surveys simultaneously, and we think we shall succeed in showing that, 
although it would have been impossible to draw our conclusions from. Mr. Welsh's 
less numerous stations, they are strongly confirmed by the deductions which we have 
made from his survey. 

Fig. 24 # 




Highland District. 



The Highland District, 

In fig. 24 we have collected all the information which the isomagnetics in Plates V* 
to VIII. afford of this district, Those places only are named to which we actually refer. 
Where the more westerly of two stations has the smaller Declination, the isogonals are 

2 Q 2 
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distorted (Plate V.), and indicate a centre of attraction between the two. AJ1 such 
points are marked D. 

Loops in the Vertical Force isomagnetics indicate maxima and minima of Vertical 
Force, which are marked Fand v respectively. As no observations could be made to 
the west of the islands in the south-west of Scotland, it is impossible to prove formally 
that the Vertical Forces in this district are maxima. The values at Scarnish and 
Iona are, however, the same as those at Wick and Golspie respectively, which are 
nearly two degrees farther north. We have, therefore, felt j ustified in marking them 
as maxima, thereby indicating that they are very large. Canna and Portree are so 
disturbed that but little reliance can be placed upon observations taken there, but 
they both give maximum values of the Vertical Force (Plate VIII). At Corpach and 
Glenmorven we find that Mr. Welsh's observation gave maximum values of the Ver- 
tical Force. At two of the most northern stations the Horizontal Force is a minimum ; 
at three of the most southern it is a maximum (Plate VIII.). They are marked with h 
and H respectively. 

From this map we can form an opinion as to the magnetic constitution of the 
district. Points of high Vertical Force, and centres to which the needle is attracted, 
cluster thickly along a line which passes from Elgin to Inverness, thence along the 
line of the Caledonian Canal to Corpach, and so to Mull. 

Another similar line runs north through Skye, and indications of a region of low 
Vertical Force, which separates the two, are given in the minimum values found at 
Gairloch and Loch Inver. There is a subsidiary centre of attraction near Strachur. 

The view that a general attraction is exerted toward the centre of the district is 
supported by the occurrence of maximum and minimum values of the Horizontal 
Force in the south and north respectively. The minima at Loch Boisdale and Soa 
and the maximum at Loch Maddy (which necessarily follows) indicate a strong 
subsidiary centre of attraction to the south of these places. Balfour Stewart, 
arguing from Welsh's results, placed such a centre to the south of Mull, but as we 
shall show, it is probably to the west of that island (' Brit. Assoc. Report/ 1859? 
p. 190). 

It must be remembered that all these conclusions follow from the mere inspection 
of the results of the observation with no more calculation than is necessary to reduce 
them to the same epoch. In the next map (fig. 25) we show the results of the calcu- 
lations carried as far as possible, i.e., to the point of deducing the disturbing forces. 

The shaded parts are the regions of positive (i.e., of great) Vertical Force. The 
boundaries are fixed by the very rough method of assuming that between neighbour- 
ing stations the rate of change of the disturbing force is uniform. The arrows repre- 
sent the Horizontal disturbing Forces in magnitude and direction. The dotted arrows 
represent the disturbing forces calculated from Mr. Welsh's survey. 

There are only two or three discrepancies, and they all occur, as we anticipated, near 
valley lines. The most remarkable is Stornoway. There can be no doubt as to the 
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accuracy of our results obtained on three different occasions and at two stations, and 
we can only suppose either that there has been a real change or that Mr. Welsh's 
station was subject to some very great local disturbance. Loehgoilhead, which our 
observations place just over the valley line in the next district is, according to Welsh, 
just within this. At Pitlochrie there is a large angle between the two forces. It is 
doubtful whether the valley line is here correctly drawn. The region of high Vertical 

Fig. 25. 




Highland District, 

Force near Crieff seems to belong to the next district. At Crieff itself the disturbance 
of the Vertical Force is a maximum, and there is probably a peak in the neighbour- 
hood. The direction of the Horizontal Force cannot therefore be deduced from the 
Vertical Forces, and the fact that it happens to act northwards has perhaps led to its 
being wrongly included in this district. If the valley line runs direct from Alford to 
Loehgoilhead it would pass close to Pitlochrie. Our result would thus make its 
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relations uncertain, as the direction of the Horizontal Force would lie nearly along 
the valley line. The direction deduced from Welsh's observation would place it in 
the next district. The same remark applies, though more doubtfully, to Ardrishaig. 

If, however, these three or four border stations be put aside, the map leads to a 
consistent view of the magnetic state of the district, which is in exact accord with 
that previously arrived at. The ridge line lies in the region of greatest Vertical Force 
disturbance. The Horizontal Forces tend towards that region, and at points within 
it are, on the whole, directed to the ridge line. The discrepancies between our results 
and those of Mr. Welsh are hardly, if at all, greater than those between our own, 
when repeated. It is remarkable that the south-western stations indicate a centre of 
attraction out at sea, but our results are completely confirmed by Welsh's at Glen- 
morven. We should certainly have expected a priori that Mull, which is highly 
basaltic, would be a centre of attraction. 

Between Elgin and Banff there is a strong local centre. Welsh observed the 
Horizontal Force at Banff only, but the Declination obtained by him at Elgin is less 
than that at Banff, the difference being about 10', as against 7' given by our survey. 
The two sets of observations are thus in agreement. 

The Scotch Coal-field District 

This district is bounded on the north by the valley line which forms the southern 
boundary of that which has just been discussed. 

The southern boundary is inclined to the magnetic meridian at an angle which does 
not give any special advantage to either the Horizontal Force or the Declination as 
a means of determining its position. We have, therefore taken the Declination line 
corrected (as described on p. 296) by Welsh's observations at Makerstoun and Melrose. 

There is not a single abnormal station in this district, and the results of Welsh's 
observations fit in very well with ours. At Ayr, indeed, there is a very considerable 
discrepancy, and the forces at Afford and Gretna are larger than we should have 
expected if they are regarded as the resultants of the attractions of the two regions, 
close to the boundaries of which these stations are situated. 

All the four stations at which the Horizontal Force is a minimum, viz. (taking them 
in order from the west), Cumbrae, Kow, Stirling and Dundee, are situated close to the 
northern boundary of the Scotch Coal-field, in which there are large masses of basalt. 

The ridge line runs through the middle of this basaltic district and passes through 
or near two regions in which the disturbance of the Vertical Force is positive (i.e., in 
which the force is great) to the east and west respectively. At Cumbrae the Vertical 
Force is a maximum, and the existence of a region of high Vertical Force in this 
neighbourhood is remarkably confirmed by the fact that Welsh's observations give a 
positive disturbance at Ardrossan a few miles further south, though at the neighbour- 
ing stations both to the south and north it is negative (fig. 23). On the whole then 
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there can be no doubt that in this district the ridge line passes through the region of 
greatest Vertical Force disturbance. It obviously does so in the east. In the west the 
region of positive disturbance is defined by a single station only, and its boundaries are 
uncertain. If we included Welsh's observations at Ardrossan they would be pushed 
further south. In the central region there are clear indications of a maximum dis- 
turbance, though the largest values are negative. Thus at Row and Stirling the 

Fig. 26. 




Scotch. Coal-field District. 



Vertical Force disturbances are — '0188 and — *0092 ; at Glasgow and Carstairs 
— '0080 and -~*0079 ; and at Ayr and Hawick — *0145 and — '0099. The two central 
stations which are nearest to the ridge line have algebraically the largest values. 

The convergence of the Horizontal disturbing Forces towards the ridge line is 
unmistakeable. The isogonals (Plate V.) give evidence of a subsidiary centre of 
attraction near Lochgoilhead. 
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North- Western England, North Wales, and Galloivay. 

The stations in this group are bounded on the west by the northern part of the 
Irish Sea. They are few in number, and so large a portion of the intervening spaces 
is covered with water that we cannot hope to unravel the intricacies of the district. 

Fig, 27. 




North- West England, North Wales, and Galloway. 

The valley line which bounds it on the east has been drawn through the centre of 
the region of low Vertical Force which exists there (see Plate XI). The southern 
part is obtained from the Horizontal Force disturbances (see Plate X.). 
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At Dumfries and Carlisle the disturbing forces are small, and coincide in direction 
with the valley line, i.e., they fairly represent the resultants of two attractions 
exerted on each side of it. At Stranraer, and in the Isle of Man, our disturbing 
Horizontal Forces act towards the south, and this result is confirmed by those 

Eig. 28. 




North- West England, North Wales, and Galloway. 



deduced from Welsh's observations at Stranraer and Newton Stewart. They are 
much larger than ours, and at Dumfries the southward tendency is more marked. It 
must be remembered, however, that the calculations by which these results have been 
deduced from the 1857 survey have been conducted on the assumption that the 
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Scotch, isomagnetics are linear functions of the coordinates which determine the 
geographical position, and that the errors involved in the assumption would chiefly 
affect stations such as these, which are on the border of the district. 

If it is necessary to prove that these results are independent of the method of 
calculation, Fig. 28 is sufficient for the purpose. 

The lines of equal Horizontal Force converge in a most remarkable way towards 
North Wales, which is one of the most certain indications of a centre of attraction. 
Again the Declinations at Holyhead and Llandudno differ only by /# 4, while the 
difference of longitude corresponds to 25'. This again is strong evidence of the 
existence of a centre of attraction between them. 

If, as appears probable, there are two regions of high Vertical Force in the district, 
it is possible that the northern one may be connected rather with the Cumberland 
Lakes than with North Wales. However this may be, and while fully admitting 
that it requires further study, we think that this district appears to obey the rules 
which hold good elsewhere. 

The North-Eastern Distinct. 

This district is bounded on the north and west by valley lines which have been 
already described. On the south we have drawn a line which passes through the 
centres of two regions of negative Vertical Force disturbance. 

The southern portion lies within the limits of our special surveys and has been so 
fully discussed that nothing need be added here. The northern part presents a 
feature of peculiar interest. 

The results as directly observed do not furnish such clear indications as in a district 
where the presence of crystalline rocks is more obvious. The isogonals are, however, 
bent in the peculiar manner which indicates centres of attraction. Thus the 19° 6' 
line (Fig. 29) points to such a centre to the south of Thirsk, the 18° 48' isogonal 
points to another between Hull and Gainsborough. As both these lines depend in 
part upon the same stations, it is satisfactory to find that they are completely con- 
firmed by the quite independent 18° 16' line which runs nearly due east and west 
between Lincoln and Mablethorpe. 

The Vertical Force isomagnetic which corresponds to 4*516 metric units bends 
southward to Thirsk in a way that is again an indication of a centre of attraction. 
There are thus signs of an attractive region lying between the following pairs of 
stations, viz., Mablethorpe and Lincoln, Hull and Gainsborough, Thirsk and Leeds. 

On turning to the disturbances (Plates IX. and X), we find that both the 
Declination and the Horizontal Force give nearly coincident ridge lines running 
along the line just indicated. The declination line passes northward to the Cumber- 
land Lakes and southward to the Wash. The Horizonal Force line turns south amid 
the Yorkshire Hills and runs toward North Wales. 
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As we should expect from the close agreement of the Declination and Horizontal 
Force ridge lines the disturbing forces in this district are very easy to interpret. In 
no place in the kingdom is a locus of attraction more clearly indicated. At Appleby, 
Thirsk, Hull, and Mablethorpe the disturbing forces act in a south or south-easterly 
direction; at Giggleswick, Leeds, Gainsborough, and Lincoln they point north-east. 

A well-marked ridge line thus runs from the Lincolnshire Wolds through Yorkshire 
and the limestone district of Westmoreland to the Cumberland Lakes. 



Fig. 29. 




North-Eastern England. 



In the southern part of its course it traverses a region of high Vertical Force, and 
passes near the station at which the positive disturbance is a maximum, terminating 
in the Wash peak. 

The observations at Manchester and Chesterfield appear to indicate another centre 
of attraction in the limestone district of Derbyshire, but two stations are hardly 
sufficient to decide such a point. It is, however, very significant that the limestones 
of Derbyshire are intercalated with the basaltic rocks known locally as " toadstones," 
and although these do not cover a great area at the surface it is by no means 

2 R 2 
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improbable, as Professor Judd informs us, that large masses of similar rocks occur at 

no great depth. 

Fig. 30. 




North-Eastern England. 



The Southern District. 

The Southern District contains those parts of England and Wales to the south of 
the regions which have already been discussed with the exception of Devonshire and 
Cornwall. In the latter outlying district the disturbing forces indicate on the whole 
an attraction to the south of the peninsula. 

The Home Counties have been already discussed, and we only refer to the district 
again to point out that the ridge line which runs westward through the Reading peak 
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is continued into the Welsh coal-fields. This fact is very important, and will be 
hereafter discussed when we consider the relations between the magnetic and 
geological peculiarities of this district. 

Fig, 31. 




Southern England and Wales. 



Ireland. 

In Ireland, as elsewhere, the Horizontal Forces tend towards the regions of greatest 
Vertical Force. 

At Coleraine and Waterfoot, stations to the north of the great mass of basaltic 
crystalline rocks in Antrim, the disturbing forces tend southward. At Cookstown 
Junction and Bangor, on its southern borders, they are directed to the north. 

Kells is a point of maximum Vertical Force, and the forces at neighbouring stations 
are al] directed towards it. 

A clearly marked ridge line runs through a region of positive Vertical Force 
disturbance in Connemara, and extends to the north beyond it. 

Another series of stations of high Vertical Force extend eastwards from Clare, and 
they apparently dominate all the region to the south of them. The direction of the 
disturbing force at Kilrush is anomalous. At Cbarleville there is a minimum of 
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Vertical Force, and therefore the direction of the Horizontal Force cannot be deter- 
mined from the rule. 

The Wicklow and Arklow mountains, which are composed of granite, do not 
appear to exert any important effect on neighbouring stations, but there is a region of 
high Vertical Force in Wexford. 

Magnetic Map of the United Kingdom. 

In Plate XIII. Ave have attempted to represent the magnetic state of the whole 
country by bringing together the results of our studies of the magnetic districts into 
which it may be divided. 

The valley and ridge lines are shown. The unshaded parts are regions of 
negative Vertical Force disturbance, and the three shades employed indicate that the 
disturbance is greater than but less than '01, greater than *01 but less than 
'02, and greater than # 02 metric unit respectively. 

The lines representing the Horizontal Forces are drawn to a scale on which 
1 mm. = 0*001 metric unit, except at Canna and Soa, where the disturbances are so 
large that the arrows would be inordinately long. 

Considerations which have been adduced in the foregoing discussion have led us to 
depart, in a few minor points, from the strict rules by which the valley and ridge 
lines have been drawn. Thus, the line which separates the Highland and Scotch 
Coal-field Districts has been drawn so as to include Crieff in the latter. 

The rather uncertain valley line in Mid-Wales, which was taken from the 
Horizontal Force disturbances (Plate X.), is replaced by the closely neighbouring 
ridge line, taken from the Declination disturbances (Plate X.). This would necessitate 
valley lines on each side of it, the position of which is uncertain. 

In Ireland too, the ridge line which runs from Antrim to the neighbourhood 
of Kells, is not very definite, and it is best to consider the clearly marked portion of it 
in Antrim as only doubtfully connected with the centre of attraction near Kells. 
These points must be left for future investigation, but the unquestionable existence of 
widespread regional disturbance in the districts we have specially studied in England, 
together with the general agreement between the two maps of Scotland, deduced from 
the surveys of 1857 and 1886, leads us to hope that Plate XIII. gives the first approxi- 
mation to a map of the disturbing magnetic forces in play over the whole kingdom* 



On the Relation between the Magnetic and Geological Constitution of the Magnetic 

Districts. 

Up to the present, we have discussed the various districts into which we 
have divided the country from the point of view of their magnetic peculiarities only. 
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It now remains to investigate the question whether any connection can be established 
between these and their geological characteristics. 

It is well known that certain varieties of crystalline rocks are often more or 
less magnetic, and that when they are permanently magnetised the poles are sometimes 
very irregularly distributed. 

We have, however, thought it worth while to investigate the magnetic state of 
some pieces of diorite and basalt, brought from Malvern and Canna respectively. 

The fragments were cut into small rectangular blocks, delicately suspended and 
tested. We have to thank Dr. Hofeert, Demonstrator in the Physical Laboratory 
of the Science Schools at South Kensington, for undertaking this part of the work. 
The observations were very tedious, and were, for the most part, made by Messrs. 
Gray, Anderson, and Wilkinson, students in the laboratory. 

Of several blocks from Malvern only one showed any polarity in its natural state, 
but when placed between the poles of an electromagnet it became magnetised by 
induction, so that the time of oscillation was reduced from 72 s to 56 s . The stone 
brought from Canna was part of a basaltic column and its upper, lower, east and 
west ends were marked. It showed polarity, but the upper end was a north-seeking 
pole, so that it was magnetised in a direction opposed to that which would be induced 
by the magnetic field of the earth. The moment due to the permanent magnetism 
was calculated by three different methods, viz. : (1) by the difference of time of 
oscillation when the direction of the field (about twelve times as strong as that 
of the earth) was reversed, (2) by the deflection when the stone was placed 
E. and W., and (3) by the difference of times when the position of the stone was 
reversed. The results obtained were 

•0023 '0027 and '0019 C.G.S, unit. 

The periods of oscillation were 93 s and 86 s in the earth's field and the artificial 
field above described. The general conclusion arrived at was that, as the volume was 
about 1 c.c., the permanent intensity of magnetisation was about 0*002 C.G.S. unit, 
and that in a field of strength F the induced intensity was about 0*0015 F. 

We have examined the relations between the magnetic disturbing forces and the 
geology of the area of the survey by means of a geological map which has been 
specially prepared for us under the kind superintendence of Professor Jttdd (Plate XIV.). 
Details are disregarded, but the principal masses of basaltic and non-basaltic crystal- 
line rocks and the main groups of the sedimentary formations are clearly distinguished 
from each other. This may be compared with Plate XIII. , in which the magnetic 
disturbing forces and the ridge and valley lines are shown. 

As the ridge lines are drawn according to an arbitrary rule, they are only intended 
to draw attention to the districts in which loci of attraction probably exist. We 
have no real knowledge of their distances from the stations between which they run. 
In the geological map, therefore, the stations on each of the principal ridge lines have 
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been connected by lines, the spaces enclosed have been shaded, and thus the districts 
within which the main loci of attraction probably lie are clearly indicated. 

It must be remembered that the outlines of these districts depend largely on the 
accidental positions of stations which were selected without reference to them, and 
that we must rather expect such rough indications of relations between magnetic 
and geological facts as may serve to guide future investigations than complete 
and unmistakeable harmony. 

When regarded from this point of view, however, we think the results are very 
suggestive. 

In the Highlands one region of attraction encloses the Caledonian Canal, another is 
evidently in close relation with the basaltic masses in Skye, Glenmorven, and Mull, 
though, as has been pointed out, the main centre of attraction appears to be to the 
west of these islands. 

A third region in Scotland encloses the basaltic rocks of Arran and of the Scotch 
Coal-fields. The fact that the Fifeshire basalt lies outside it is probably due only to 
the accidental circumstance that we have no stations between Stirling (47) and 
Dundee (21). 

A fourth region evidently consists of the Antrim basalt. There is a fifth in 
Connemara, where the rocks are granite. 

With regard to North Wales, if we consider it as forming one district with Shrop- 
shire, we see that a line drawn through the centre of the basaltic rocks would first 
run from east to west, then nearly north, and finally turn to the west between 
Anglesea and Carnarvonshire. The district is thus very irregular and the ridge lines 
do not give much information, but we must point out that the Horizontal Forces at 
the stations which border it all tend inwards towards the axis above suggested. This 
is true of Holyhead (90), Llandudno (106), Llangollen (107), Shrewsbury (138), 
Aberystwith (55), and Pwllheli (128). 

If this suggested relation is hereafter verified, every considerable mass of basaltic 
rock in the kingdom will be closely connected with a region of magnetic attraction. 
Of smaller masses it is to be noted that at Falmouth (80) the disturbing force acts 
southward toward the serpentine of the Lizard, and that the relatively small masses 
in Pembrokeshire and Wexford are within another region of attraction. Our 
measurements do not assign any particular importance to the outcrop of basaltic rock 
near Limerick (185) nor to the dykes in the north of England. It is, however, 
curious that a line drawn through Melton Mowbray and the Wash peak (indicated 
by circles) passes towards Wales through the only basalt in the Midlands, 

Taking the evidence as a whole, we think we are justified in saying that large 
masses of basaltic rock indicate regions of magnetic attraction. 

The other crystalline rocks appear to be much less important magnetically. Thus 
the Malverns, though a strong local centre, do not disturb a district of any consider- 
able magnitude. If the effects of the two classes of rocks when they appear on the 
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surface are in such marked contrast, it may be open to question whether strong 
magnetic attraction in a district in which no crystalline rocks appear on the surface 
does not indicate not only crystalline but basic crystalline rocks beneath it. 

However this may be, there are two regions of attraction which are not connected 
with basaltic rocks on the surface, at all events as the main cause of their 
peculiarities. 

One of these runs westward from London to the South Wales Coal-field, and the 
directions of the disturbing forces in Wexford are such as would be caused if it crossed 
the Irish Channel. This extension is doubtful, but the line is most clearlv marked 
right across England, and its general direction is such as to make it almost impossible 
to avoid the conclusion that it is connected with the palaeozoic ridge, the existence of 
which, long ago predicted by Mr. Godwin Austen, has been proved by deep borings 
near London, and which is supposed to connect the Welsh and Belgian Coal-fields. 

If the palaeozoic rocks are nearer the surface here than elsewhere, the crystalline 
rocks may approach it also within a moderate distance, and if they are susceptible to 
magnetisation the observed results w T ould follow. The palaeozoic rocks are supposed 
to form basins, and if those beneath them have a similar outline, it would be possible 
to explain a centre of attraction such as the Reading peak. 

The last region of attraction runs from the Wash through south-east Yorkshire 
toward the Cumberland Lakes, and, as Professor Judd first pointed out to us, it 
includes the line to the north of the Humber, along which the oolitic and liassic 
strata thin out rapidly, and where, therefore, the crystalline rocks are probably 
suddenly brought much nearer to the surface. It is continued northward toward the 
igneous masses in Cumberland. 

The centre of attraction which apparently exists at Kells, in Ireland, is not suffi- 
ciently accounted for by the surface geology of the district in which it is placed, and 
we have not felt ourselves justified in representing it as connected with the Antrim 
basalt, as the fact that this connection requires further confirmation has been already 
pointed out. 

On the whole, then, we think we may assert that every region of magnetic 
attraction, with the possible exception of that near Kells, is marked either by the 
presence of basalt, or by some geological peculiarity which makes it possible or even 
probable that within it crystalline rocks, capable of affecting the magnet, are nearer 
the surface than elsewhere. This is possible as regards the line of fault marked by 
the Caledonian Canal, and probable as regards south-east Yorkshire and the south of 
England. 

The former district is remarkable from the fact that it was far more strongly 
affected by the earthquake of Lisbon than the rest of the British Isles, and this may, 
perhaps, indicate that it has special relations to the primary rocks, which would 
account for its magnetic importance. 

MDCCCXC. — A. 2 S 



314 MR. A. W. RLTCKER AND DR. T, E. THORPE ON A MAGNETIC 

On comparing the geological map with Plate XIII., on which the disturbing forces 
are shown for the whole country, a difficulty arises from the fact that the Vertical 
disturbing Forces appear, on the whole, to be greater over the districts in the east and 
south of England, where the later sedimentary rocks occur, than over Wales and 
Ireland, where, from their absence, it would prima facie appear probable that the 
downward attraction would be greater. 

Of course many hypothetical explanations could be offered of the fact, such as that 
the primary rocks in England might possibly contain larger quantities of ferruginous 
matter, &c., but we must be content with observing that if a fairly uniform increase in 
the disturbing Vertical Force were to take place from east to west, it is very doubtful 
whether we should have detected it. Probably it would cause a disturbance of the 
first order, the terrestrial lines would be deflected, and the disturbances at distant 
points would not be comparable. 

If the true Vertical Force isomagnetics could be prolonged beyond Wales into 
another district in which the tertiary strata re-appeared, a southward trend in Wales 
would indicate an increase in the force. On looking at Plate VIII. we think it will be 
admitted that the slope of the lines of equal Vertical Force is greater in Wales than 
in England, which is in harmony with the existence of a southward bend, but the 
fact that they are extremely irregular and terminate on the west in the sea makes 
any certain deduction impossible. We must, therefore, regard the distribution of the 
Vertical Force disturbances as presenting some difficulty, and must emphasise the 
necessity of using them only to compare neighbouring stations. 



The Causes of Local and Regional Magnetic Forces. 

It has long been known that distortions of the isomagnetics occur chiefly in the 
neighbourhood of crystalline rocks, and it has been generally assumed that this is due 
to so-called rock magnetism, the rocks being magnetised either permanently or by 
the inductive action of the earth's field. 

Dr. Naumann, in the work already quoted (' Die Erscheinungen des Erdmag- 
netismus/ Stuttgart, 1887), has recently opposed this view. 

The arguments which may be brought against it are : (1) That rocks brought from 
considerable depths do not exhibit magnetic qualities until they have been for some 
time upon the surface ; (2) That the effects which rocks or mountains produce on the 
magnet, even if very great when the distance is small, diminish so rapidly as the 
distance increases that they are quite insufficient to account for the widespread effects 
which are attributed to them; (3) That extensive local magnetic disturbance is 
associated rather with geological faults than with the presence of igneous rocks; 
(4) That the cause of the phenomena is to be looked for in the effects produced on 
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earth-currents by dislocations of the strata rather than in rock magnetism. We will 
consider these arguments in the inverse order to that in which we have stated them. 

Mr. Preece, F.R.S., Chief Electrician to the General Post Office, has been good 
enough to have measurements of the earth- currents made in several of the districts 
in which we have found large disturbances of the Declination. The currents flowing 
between various post-offices have been observed, and the directions and intensities of 
the currents noted. 

The following Table gives the data obtained on telegraph lines between Melton 
Mowbray and stations in its neighbourhood. The letters P.D. signify Potential 
Difference. 



Station. 



Long Clawson . . . . 

Oaknam 

Asfordby 

„ (Private Line) 



Bearing from 
Melton. 



K17°W. 
S. 50° E. 

W. 
W. 15° N. 



Distance 

from 

Melton in 

miles. 



6'0 
9'0 
2-5 
1-9 



Earth cur- 
rents in 
milliamperes. 



0-062 
0*045 
0-070 
0-067 



Direc- 
tion of 
current. 



Prom 

Melton 

in all 

cases 



Resistance 
of circuit 
in ohms. 



912 
477 
317 
317 



P.D. 

per mile in 
volts. 



0*009 
0-002 
0-009 
0-011 



These potential differences per mile are much smaller than those which occur 
during magnetic storms, and which on the earth-current theory must, we suppose, be 
regarded as the causes of the deflections of the Declination needle which then take 
place. During a very violent storm in 1881 Mr. Preece found a P.D. of 1*9 volt 
per mile. We will take for comparison a less extreme case. Yearly records of the 
movements of the Declination needle, and of the registers of the earth -currents 
apparatus, are published by the Greenwich Observatory, and the Astronomer-Royal 
informs us that half an inch on the earth-current registers corresponds approximately 
to a P.D. of one volt in circuit. 

On September 10, 1886, an increase of 16' took place in the Declination between 
22 h and 22 h *5, and between 21 h, 8 and 21 h, 2 a change in the intensitv of the current in 
one of the circuits occurred which corresponded to a change of P.D. of about 0*9 volt. 
The direction of the current was such as to produce the observed movement of the 
needle, and if we regard the current as its cause, since the distance between the earth 
plates is 3 miles, we find that a deflection of 16' was produced by a potential difference 
of 0*3 volt per mile. 

There are two earth-current circuits mutually at right angles, both of which are 
inclined at about 45° to the magnetic meridian. The second was but slightly affected, 
and, therefore, the effective difference of the potential was about 0*3 cos 45°= 0*2 
volt per mile nearly. 

At Melton Mowbray we find the disturbance of the Declination to be 33' W. at one 

2 s 2 
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of the two stations. It changes very rapidly, falling to 26' W. within a mile and a 
quarter, and to nearly 30' E. at Loughborough, which is thirteen miles distant. If 
currents produce it they must therefore be very local. On the other hand we know 
that the disturbances produced during magnetic storms are simultaneous over areas 
such as that of the United Kingdom, and if the currents produce the deflections, they 
also must be widespread, so that if we assume that the same earth-current is required 
at Melton to produce a permanent deflection as is observed at Greenwich when an 
equal temporary deflection takes place, we are not overstating the case. 

Now, during the whole of the year 1886, there were only a few occasions on which 
the earth-currents were stronger than on that which we have selected as an example, 
and we may therefore say that on the earth-current theory there should be permanently 
at Melton a potential difference of 0*3 volt per mile (for the smaller deflection of 26' is 
1*6 times that observed at Greenwich on the selected occasion) an amount which is only 
registered at Greenwich during violent storms, and is nearly thirty times greater than 
that observed in a circuit only two miles in length in the neighbourhood of Melton itself. 

So far we have dealt only with the magnitudes of the currents. The case becomes 
much stronger when we consider their directions. On all the circuits out of Melton 
Mowbray referred to in the table on p. 315, the earth-currents flowed from that station. 
Hence, on all the currents except that to Oakham, the direction of the current was 
such as to produce a deflection of the North Pole to the east, i.e., in the opposite 
direction to that which was actually observed, while the P.D. between Oakham and 
Melton was the smallest of those measured, being only 0*002 volt per mile. We do 
not lay stress on this, as the distance was perhaps rather too great, the main fact being 
that the earth -currents between Asfordby and Melton, on the same side of the latter 
town as that on which our second station was placed, were not only much too small (if 
we may judge from what is observed at Greenwich) to produce the observed deflection, 
but that they were actually in the wrong direction. 

To make certain that nothing in this argument depends upon the particular deflec- 
tion obtained at Greenwich on the selected occasion, we have taken twenty other 
examples in which Declination disturbances of from 3' to 22' were accompanied by 
changes in the earth-currents. To avoid the necessity for correcting for diurnal 
variation they were chosen from the nocturnal hours when the magnet is normally 
steady, and occasions were selected on which one circuit only was appreciably affected. 
Except in these particulars they were chosen haphazard. 

If we divide the E.M.F. per mile in volts (V) by the Declination disturbance (A) we 
get a number which expresses a relation between the two, and which, if they were 
cause and effect, ought to be constant. The following table shows that the selected 
example was not particularly favourable to our views. As the first station at Melton 
was on the south side of the town we assume that the potential difference was 
the same as that between Melton and Oakham. At the second station we take it to 
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be that between Melton and Asfordby. Tn both cases the whole is supposed to be 
effective, i.e. 9 it is not resolved along the magnetic meridian. A negative sign means 
that the current flowed in the direction opposite to that which, would be required to 
produce the observed deflection. 



Station. 



Greenwich . 



• • 



Melton Mowbray . j 



Largest value of V/A 

Smallest 

Mean 

Value on selected occasion 

Station 1 



»? 



5? 



5J 



5> 



2 



0*028 

0-008 

0-016 

0-013 

0-00006 

0-00040 



We are quite aware that an argument of this sort is open to criticism. The exact 
relation between earth- currents and magnetic storms is uncertain ; in short circuits 
the earth-currents may be masked by those due to the earth -plate, and we have been 
compelled to assume that the conditions at Greenwich and Melton are the same. 
We should not, therefore, have put the argument forward had the conclusion depended 
on any nice balance of figures. As it is, we think it supports the view that the per- 
manent earth-currents at Melton Mowbray are very much less, and less extended, 
than the temporary currents observed at Greenwich during ordinary but considerable 
storms, though the permanent Declination disturbance which they are supposed to 
produce is of the same order as the temporary deflections which are observed simul- 
taneously with the currents at Greenwich. 

Similar results were obtained near to the Reading and to the Wash disturbances. 
If these are produced by earth-currents they must circulate round the peaks, and thus 
the potentials at points on opposite sides of them, should be different. Near the 
Wash the direction of the telegraph wires is not very favourable for a test, but we 
owe to the kindness of Mr. Preece, to whom we must again express our obligation, a 
series of measurements made at Reading and Windsor. Of these it is only necessary 
to say that, though Reading and Windsor are on opposite sides of the focus of 
disturbance, and though the needle is deflected 11' to the west at Windsor and 
6' to the east at Reading, so that the assumed current circulating round the peak 
ought to run in opposite directions through them, the observed earth-currents were so 
small that no measure of their magnitude could be taken. 

It might be urged, in answer to these arguments, that the earth-currents by which 
local disturbances are produced are not mere surface currents, but that they flow 
through the mass of the earth, possibly where the strata are (as recently suggested by 
Professors Lamb and Schuster) of higher conductivity. 

To this it may be replied that the greater the depth at which the currents are 
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supposed to be situated, the more difficult is it to account for the fact that their 
effects are so local. 

A more conclusive answer is the fact that our observations show clearly that the 
needle is attracted to certain lines or points round which currents would have to 
circulate in the same direction (i.e., with the hands of a watch) in order to account for 
the facts. If the magnetic field of the earth is due to currents flowing from east to 
west, it is easy to imagine that they might be deflected by layers of more or less 
than average conductivity ; but why should they form local eddies, in which the flow 
is always in the same direction ? They must circulate similarly round the Reading and 
Wash peaks, round Kells, probably also round the Antrim basalt and the Toad-stones 
of Derbyshire. In accordance with Commander Creak's investigation, they must flow 
round magnetic islands in opposite directions in the two hemispheres. They must 
flow in different directions on the two sides of the palaeozoic ridge in the southern 
counties, of the Malverns, of the Yorkshire ridge, of the Scotch coal-field,- and of the 
Caledonian Canal. It may be possible to imagine physical causes which would account 
for such a state of things, but it does not appear easy to frame an hypothesis which 
shall be more probable than that involved in the theory of magnetic rocks. 

As regards Dr. Naumann's view, that geological faults determine local magnetic 
action j it is disputed in its application to Japan by Dr. Knott, who has superintended 
the recent magnetic survey of that country. We find at Malvern a mass of crystalline 
rock bounded by a fault. Either the rock, or the fault may be supposed to be the 
cause of the attraction toward the ridge which is undoubtedly exerted on the needle ; 
but whereas the rock is susceptible of magnetisation, and its effect on the magnet is 
precisely such as would be produced if it were magnetised by induction in the earth's 
field, there is no shred of direct evidence to prove that the fault is capable of causing 
or deflecting earth- currents, so as to make them flow in opposite directions on its 
opposite sides. It is more probable that the action of faults is due to the displacement 
of crystalline rocks in their neighbourhood ; and that a fault is, at all events, not a 
necessary cause of regional attractions is proved by our observations in Scotland. Two 
great fault lines traverse that country, one coinciding with the Caledonian Canal and 
the other running from Stonehaven to the mouth of the Clyde. The first of these is, 
and the second is not, associated with a locus of attraction. 

Taking the next argument in order, we agree that mountains which exercise 
considerable influence on the magnet when close to them produce no effect at distances 
which are small relatively to the range of regional disturbances. It must, however, 
be remembered that the depth from the surface to magnetic rocks concealed by over- 
lying strata may not exceed the horizontal distances at which the Malverns and the 
Wash affect the Declination, and that their influence on the Vertical Forces might 
extend over vast areas. If, as would often be the case, they were not horizontal, but 
approached the surface by a gentle slope, the magnet would certainly tend to turn 
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towards or away from the nearer and more elevated portions, according to the nature 
of their magnetisation. 

If the slope were less than the angle of Dip, the sides of the sub-terrestrial hill 
would be magnetised, so as to attract the north-seeking pole, and the empirical rule 
that the Horizontal Forces tend toward places of greatest Vertical Force would be 
amply and completely explained. 

Dr. Naumann's argument loses a great part of its force if we regard a widespread 
disturbance of the isogonals around a mountain range as due not to the direct action 
of the mountains but to a far reaching mass of rocks of which they are the 
culminating point. 

Lastly, as to the statement that rocks containing iron only become magnetic when 
brought to the surface — without impugning the actual observations, we can only say 
that so important a generalisation requires a much more extended basis of fact than 
any that is provided for it. If the Malvern granites produce in their immediate 
neighbourhood a magnetic effect, it is evident that rocks, the susceptibility of which 
can only be detected by refined methods, may in large masses deflect the lines 
of force in the earth's magnetic field to an appreciable extent. 

On the whole then, while fully admitting that there is room for much further 
investigation on this head, and that any view is more or less hypothetical, we do not 
think that any theory has hitherto been proposed which offers fewer difficulties than 
that of rock magnetism. 

If the cause of the magnetic disturbance is induced magnetism, it would vary with 
the direction and intensity of the earth's magnetic field, but the change could hardly 
be great relatively to the secular variations of the elements. It is therefore important 
to note that in the 'Phil. Trans. 5 for 1870 (vol. 160, p. 274), Sir E. Sabine gives the 
Declination at Greenwich and Kew as having been practically identical in 1842*5. 

His values are : — 

Greenwich ...... 23° 13', 

Kew 23 11'. 

As according to his isogonals the Declination at Kew should, at that epoch have 
been 9' greater than that at Greenwich, whereas, according to his table, it was 2' less, 
the difference due to disturbance was — 11' {i.e., the Kew value was too small), 
whereas in 1860 it was + 11', in 1865 + 10', and is now 10' (p. 270). If then we 
accept Sir E. Sabine's table as correct, we must assume that a disturbance difference 
amounting in all to 22' was established between 1842'5 and 1860, which has remained 
constant during the twenty-nine years which have elapsed since the latter epoch. 

We, therefore, wrote to Mr. Whipple asking him for information as to the 
observations given by Sabine, as having been made at Kew in 1842*5. It should be 
noted that the authority quoted by Sabine is " Ob y ," which indicates an official origin 
for the value given. 
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Mr. Whipple writes, " I have now looked over all the MSS. papers I can find, 
referring to this Observatory in 1842, and I am quite unable to find any reference to 
the observation quoted in the 'Phil Trans/ for 1870, p. 274. There was no Staff 
here at the date, nor any official publication, hence I do not see how " Observatory/' 
or, as printed, "Ob y ," could be any authority. Again, in Sabine's contribution, ' Phil. 
Trans./ 1849, p. 208, Greenwich and Bushey are both given with the names of the 
observers, and I think there can be no doubt that if Sabine had observed here in 
1842, he would have certainly quoted the observations in that table. ... I fear we 
must consider it somewhat too hypothetical to trust to." 

On the w r hole then, it appears to us most likely that the number given by Sabine 
was not deduced from an observation made in 1842, but was reduced to that epoch 
from the Kew Observatory records, which did not begin till some years afterwards, 
and that in the deduction some numerical blunder was made. 



Summary. 

We may now attempt to sum up the result of our studies of local and regional 
magnetic forces in the United Kingdom. 

We have proved beyond possibility of doubt that two centres of attraction exist 
near Reading and the Wash respectively, and in the former case it is evident that the 
Horizontal disturbing Forces tend towards regions of maximum Vertical disturbing 
Force. 

We have then gone through the United Kingdom district by district, and have 
shown that the same rule holds good everywhere. Putting aside stations of 
maximum or minimum Vertical Force and stations on valley lines (which do not 
furnish real exceptions) there are not half a dozen which are clearly anomalous in 
the whole 200 ; nor has this result been obtained by splitting the whole area of the 
survey up into a large number of small districts which have been carved cut so as to 
secure an appearance of uniformity of behaviour. Omitting the border stations on the 
south of Scotland, in Devonshire and Cornwall, the Channel Isles and Dover, the 
magnetic constitution of the rest of Great Britain is accounted for by fwe principal 
ridge lines only. 

The first is coincident for a great part of its length with the direction of the great 
fault of the Caledonian Canal. The second and third are connected with the masses 
of basalt in the Western Isles and the Scotch Coal-field respectively. 

The fourth runs for 100 miles parallel to, if not coincident with, a line in Yorkshire 
and Cumberland along which geologists believe that crystalline rocks may occur near 
the surface, and sends out a branch toward the igneous rocks which occur in North 
Wales. 

The fifth runs for nearly 200 miles from London to Milford Haven along another 
similar geological line, and sends out a branch to the south coast from near Heading. 
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It is probable that to these a sixth in North Wales and Shropshire should be added. 

There are indications of other minor centres at Malvern, in Derbyshire, and in the 
neighbourhood of Charnwood Forest, but the number of stations involved is small. 
The vast majority are included in the few and simple systems above described. 

These results are not the outcome of the calculations only, for all the principal 
conclusions can be drawn from the observations alone. Mr. Welsh's survey, though 
including fewer stations at which all the elements were determined than ours, though 
omitting almost altogether stations in the Western Isles, though worked up (as 
regards the Dip and Declination) by means of a different system of geographical 
coordinates, and in the case of all three elements by means of an assumption as to 
the linearity of the isomagnetics which we have abandoned, confirms our conclusions. 
In four only of the 28 of his stations which fall within our districts, viz., Stornoway, 
Pitlochrie, Ayr, and Dumfries is there an important difference between us as to the 
d irection of the disturbing forces. 

In the most highly disturbed districts, at Loch Inver, Kyle Akin, Broadford, Glen- 
morven we agree as to the order of the magnitude and as to the direction of the forces. 
At Cumbrae and Fairlie we find closely neighbouring stations of positive surrounded 
by others of negative Vertical Force disturbance, and Welsh confirms us by a similar 
result at Ardrossan, not ten miles off. 

These coincidences between the results of the two surveys, and between the 
magnetic peculiarities and the geological constitution of districts cannot be accidental, 
and we venture to assert that, throughout the kingdom, the lines of Horizontal mag- 
netic disturbing Force tend towards regions of maximum Vertical disturbing Force, 
which are themselves defined by the presence of crystalline rocks, and especially 
of basalt, either visible on the surface or concealed by superimposed masses of 
sedimentary strata. 

Beyond this general conclusion we do not wish at present to go. The detailed 
constitution of our principal magnetic districts (except in the case of the Heading and 
Wash disturbances) has yet to be investigated. We have not discriminated between 
various possible causes of a decrease in the Vertical Force, such as the removal of the 
attracting mass to a greater depth, or the formation of repulsive poles, either by 
induction or permanent magnetism. We do not think the last word has been said on 
the cause or causes of local and regional forces. . All these require and will, in the future, 
no doubt, receive attention. We trust, however, that by following out to their 
logical conclusion the premises of a not improbable working hypothesis, we have 
succeeded in showing that local and regional forces obey certain simple laws, and that 
by means of these the kingdom can be divided into magnetic districts in which the 
relations between the direction of the disturbing forces and the main geological 
characteristics are so suggestive as to be worthy of careful statement and further 
investigation, 

MDCCCXC— A* 2 T 
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Tables for the Calculation of the Magnetic Elements in the Future. 

We conclude this paper with Tables, by means of which the values of the magnetic 
elements may be determined during the next few years for any place in the United 
Kingdom. For this purpose we should know as accurately as possible — (I) the values 
of each element at the station at the epoch of the survey ; (2) the secular change ; 
(3) the local disturbance. To determine the first of these, we give the next three 
Tables (VIII., IX., X.), in which the values of the elements deduced from the general 
formulae are given for all intersections within the kingdom of lines of latitude and 
longitude which correspond to whole degrees, together with the variation per degree 
of latitude and longitude. The method of using them requires no explanation. 

The values in the Table of Horizontal Forces display some irregularities. This is 
partly due to the fact, that a discontinuity is introduced along the line H = 1*7, on 
opposite sides of which we have used different formulae. The formula also, which is 
applied to the southern district, does not represent parallel lines, but lines of which 
the slope is a periodic function of the latitude. We have slightly smoothed the 
irregularities, a process which w T ill introduce some discrepancies between the numbers 
given by the Table and by the formulae, but we have thought it better not to attempt 
to do away with all traces of the discontinuity, 
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The determination of the rate of secular change is a more difficult matter, but at 
the completion of our work we have more data at our disposal than in the earlier 
stages, when coefficients had to be chosen for the reduction of observations. The 
plans adopted in the case of each element are as follows :— 

1. Declination. 

We have deduced from Sir F. Evans's Map for 1872 (loo. cit.) the Declinations 
at 24 points distributed uniformly all over the kingdom, and have compared them 
with the values given by our Table VIIL, on page 238. The secular corrections thus 
calculated show an increase from east to west amounting to about 0'*11 and 0'*14 per 
degree of longitude in latitudes 58° and 52° respectively. 

There is also an increase with latitude above the latitude 52°. 

The results are exhibited in the following Table :— 

Table XL— Mean Secular Change of Declination per annum between 1872 and 1886. 
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This is in fair accord with the observations at individual stations given on p. 88, 
but as Sir Frederick's isomagnetics were not deduced by any definite system of calcu- 
lation, but little importance must be attached to minor variations and discrepancies. 

We do not, for instance, feel justified in assuming that there is a real increase of 
the secular coefficient to the south of lat. 52°, especially as M. Moureaux's values in 
France for corresponding intervals are less than ours. 

It is also in accord with the results of the comparison of our observations with 
those of Welsh, which show that between 1857-1886 the secular change in Scotland 
increases with the latitude and with west longitude. We think, therefore, that the 
most that can be said at present is that the secular change at the time of our survey, 
as given by the mean of the Greenwich and Kew values (p. 91), was in the neigh- 
bourhood of London about 6'*5 per annum, and that a comparison with Sir F. Evans's 
results shows that it is about l'*5 greater in the south-west of Ireland, and about 
2' larger in the north-east of Scotland. 

Hence by smoothing the irregularities in Table XL above, and reducing all the 
numbers so as to give the present rate at London we get the figures in Table XII, 

p. 325. 
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These may be checked in future by means of the observations at Kew, Greenwich, 
Falmouth, Stonyhurst, and Valentia, but we do not think a comparison of two obser- 
vatories only leads to trustworthy laws of rate of change of secular variation with 
geographical position. There can be no question that Declination change on the whole 
increases with the latitude, yet the secular coefficient is less at present at Stonyhurst 
than at Greenwich and Kew. It is therefore very much to be regretted that the obser- 
vations so sedulously carried on by the late Provost Lloyd, at Trinity College, 
Dublin, have of late years been interrupted. 

We may point out that the best position for a magnetic observatory would be in 
the centre of a widespread region of low Vertical Force. The disturbing rocks would 
probably produce less effect in such a situation, and all the phenomena might be 
expected to be more normal. Unfortunately Kew and Greenwich are within the 
range of the Reading disturbance, and Stonyhurst is in a region where the Vertical 
Force changes very rapidly both to the east and west of that place. 

2. Inclination, 

We have also in the case of the Dip found the secular change between 1842*5 and 
1886 by comparing Table X, with Sir E. Sabine's map for the earlier epoch. The result 
confirms the conclusions previously arrived at, viz., that the secular change diminishes 
with latitude and increases with west longitude. As, however, the north-westerly 
stations are on the line of minimum change they probably do not form real exceptions 
to the general rule. Partly by this method and partly by the map of assumed values 
(p. 85) we have selected those given in Table XII. 

3. Horizontal Force. 

This element when treated in the same way gives since 1842*5 a greater rate of 
secular change in the south than in the north, and in the west than in the east. The 
latter conclusion is in accord with that of M. Moureatjx. 

We are now inclined to think that the high value of the secular change between 
the years 1883-85 at Greenwich (*0028) led us to assume rather too high a value 
('0022) for the south of England. 

The mean annual change for Greenwich between the years 1883-87 is '0020 and for 
Kew -0017. The values for Greenwich in 1857 and 1887 are 1*769 and 1*818, but in 
1861 a new instrument was introduced, and to make the two values comparable we 
must subtract 0*016 from the first. This leads to a difference of 0*065 or a secular 
change of 0*0022. 

Though this is a little greater than the present rate, we do not think the evidence 
is sufficient to justify us in altering the rates obtained for Scotland by a comparison 
for the interval 1857-87, and we assume that they are valid at the present time. 
For the neighbourhood of London we take 0*0019, and by the aid of Sabine's and 
Welsh's papers we have arrived at the values given in the following Table : — • 
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The local disturbance at any place may be estimated from the disturbances at 
neighbouring stations as given in Plates IX., X., and XII. It is evident that this 
correction must be somewhat uncertain, but the maps will at all events give informa- 
tion as to whether the disturbance is likely to be large or small. As an example of 
the use of the tables and maps, we calculate the Declination for lat. 52° 30' N. and 
long. 1° 30' W. on July 1, 1889. 

From Table VIII. it was 

18° 29''0 + 8''2- + 15'*2 = 18° 53'*4 on January 1, 1886. 
From Table XII. the secular change is 

- (6-5 + -1 + -15) x 3-5 = — 23'"6 

which reduces the value to 18° 29 /, 8. 

From Plate IX, we see that the station is in a region of negative disturbance, and 
that the true Declination is probably less than the calculated amount by 15' or 20'. 

It is obvious that for this purpose much rougher methods of calculation would 
suffice, but the main reason for making the process as accurate as possible is that the 
values of disturbing forces can only be determined if the rates of secular change are 
carefully discussed and accurately known. As we hope that these will be further 
investigated, we give the fullest data at our disposal for the calculation of the 
undisturbed values of the elements. 
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